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FIG. 5

IMAGE CAPTURE REGION
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IMAGE CAPTURE DEVICE WITH
RESTORATION PROCESSING AND IMAGE
RESTORATION PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a Continuation of PCT International
Application No. PCT/JP2014/066136 filed on Jun. 18, 2014,
which claims priority under 35 U.S.C. §119(a) to Patent
Application No. 2013-156948 filed in Japan on Jul. 29,
2013, all of which are hereby expressly incorporated by
reference into the present application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an 1image capture device
and an 1mage processing method. In particular, the invention
relates to a technology of performing restoration processing,
ol restoring a moving i1mage captured through an optical
system on the basis of a point spread function (PSF) or an
optical transfer function (OTF) of the optical system.

2. Description of the Related Art

Restoration processing for a captured image 1s processing,
of obtaining characteristics of degradation (PSF or OTF)
caused by aberration and the like of an optical system
(photography lens) in advance and restoring a captured
image (degraded 1image) to a high-resolution 1mage through
restoration processing performed by using a restoration filter
which 1s generated on the basis of a PSF or OTFE.

Between a PSE and OTF, there 1s a relationship of Fourier
transform, where the PSF 1s a real function and the OTF 1s
a complex function. As things having information equivalent
thereto, there are a modulation transfer function or an
amplitude transfer function (MTF) and a phase transfer
tfunction (PTF), and these functions respectively indicate an
amplitude component and a phase component of an OTF. An
MTF and a PTF have amounts of information equivalent to
those of an OTF and a PSF.

In the past, when a high-resolution 1mage has been
restored from a degraded image, 1n case where the restora-
tion processing has been performed using a restoration filter
which 1s generated such that 1t becomes one 1deal point after
the restoration, a problem has arisen 1n that a igh-frequency
component 1s excessively restored (overcorrected) and
image disturbance occurs. In order to solve this problem, the
image restoration method described i JP2006-238032A
performs the restoration processing through a restoration
filter having a fine point spread even aifter the restoration so
as to suppress roughness or disturbance of the image caused
by the high-frequency component of the restored image by
attenuating the high-frequency component.

The 1mage capture device described 1 JP2008-11492 A 15
characterized 1n that a first filter used 1n restoration process-
ing for a still image 1s different from a second filter used 1n
restoration processing for a moving image. In particular, by
making a filter size of the second filter smaller than a filter
s1ze of the first filter, it 1s possible to achieve reduction 1n a
time period (real time) of the restoration processing for the
moving 1image and accurately perform the restoration pro-
cessing on the still image.

SUMMARY OF THE INVENTION

However, when a degraded image of images (frames) of
the captured moving image 1s restored to a high-resolution
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image by using the restoration filter, 1t 1s necessary for a
processing target image to be in focus. The reason for this 1s
that the restoration filter 1s generated on the basis of a PSF
or OTF of the focused image. Accordingly, there 1s a
problem in that, when the restoration processing 1s per-
formed on a defocused 1image by using the restoration filter,
image quality becomes lower than that of the image not
subjected to the restoration processing.

In particular, 1n the case of the moving 1image, images of
a moving photographic subject are captured or 1mages are
captured by panning and/or tilting a camera. Thus, even 1n
a camera having an auto focus adjustment mechanism, a
time difference occurs until the photographic subject 1s
brought into focus. As a result, there 1s a problem 1n that
inappropriate restoration processing 1s on a moving 1mage
captured during the time difference.

JP2006-238032A and JP2008-11492 A do not describe the

above-mentioned problems.

In the invention described 1n JP2006-238032A, the res-
toration processing 1s performed through the restoration
filter having a fine point spread. Accordingly, 1t 1s possible
to prevent overcorrection in the restoration processing.
However, there 1s a problem 1n that a high-resolution moving
image cannot be obtained.

In the 1nvention described 1in JP2008-11492A, the second
filter used in the restoration processing for the moving image
has a smaller filter size than the first filter used in the
restoration processing for the still image. Accordingly, there
are problems in that accuracy in restoration 1s low and a
high-resolution moving image cannot be obtained. Further,
in the invention described 1n JP2008-11492 A, 1t 15 a premise
that an optical system 1s provided which 1s formed such that
an amount of defocus at an in-focus position and a distance
to an anteroposterior position thereof are set to be substan-
tially constant, that 1s, an 1image capture device including an
optical wavetront modulation element 1n an optical system.
Therefore, there 1s no auto focus adjustment mechanism, and
there 1s no problem that the present mvention 1s for solving.

The present invention has been made 1n consideration of
the above-mentioned situations, and an object of the mven-
tion 1s to provide an image capture device and an 1mage
processing method capable of preventing images of a
degraded moving 1image from being overcorrected through
restoration processing and acquiring high-resolution images
through the restoration processing.

In order to achieve the object, according to a first aspect
of the present invention, there i1s provided an 1mage capture
device including: an 1image capture section that successively
captures 1mages; an auto focus adjustment section that
automatically performs focus adjustment on the images
which are successively captured by the image capture sec-
tion; a first filter acquisition section that acquires a first filter
as a restoration filter which 1s generated corresponding to a
point spread function of an optical system of the image
capture section; a second {ilter acquisition section that
acquires a second filter which 1s applied to a defocused
image ol the images successively captured by the image
capture section and of which a restoration strength 1s weaker
than a restoration strength of the first filter; an in-focus
determination section that determines whether or not a
processing target image ol the images successively captured
by the image capture section 1s 1n a target in-focus state, due
to the focus adjustment performed by the auto focus adjust-
ment section; and a restoration processing section that
performs a restoration processing, which uses at least the
second filter acquired by the second filter acquisition sec-
tion, on the processing target image i1n case where the
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in-focus determination section determines that the process-
ing target image 1s not in the target in-focus state, and
performs restoration processing which uses the first filter
acquired by the first filter acquisition section, on the pro-
cessing target image 1n case where the mn-focus determina-
tion section determines that the processing target image 1s in
the target in-focus state.

According to the first aspect of the present invention,
among the successively captured images, an 1image (defo-
cused 1mage), which 1s not in the target in-focus state, 1s
subjected to the restoration processing through the second
filter which 1s applied to the defocused 1mage and of which
the restoration strength 1s weak. Hence, image quality 1s not
lowered due to overcorrection and the like. In contrast, an
image, which 1s 1n the target in-focus state, 1s subjected to
the restoration processing through the first filter as the
restoration filter which 1s generated corresponding to the
point spread function of the optical system. Hence, a
degraded image 1s restored to a high-resolution image
through the point spread function of the optical system.

In the 1mage capture device according to a second aspect
of the present invention, 1t 1s preferable that the restoration
processing section performs the restoration processing on
the processing target image on the basis of the acquired first
and second filters, 1n case where the 1in-focus determination
section determines that the processing target image 1s not 1n
the target in-focus state. That 1s, 1n case where 1t 1s deter-
mined that the image 1s not 1n the target in-focus state, the
restoration processing using the first and second filters 1s
performed on the processing target image.

The 1mage capture device according to a third aspect of
the present invention further includes a focusing time esti-
mation section that estimates a focusing time period from
when the focus adjustment i1s started by the auto focus
adjustment section to when the target in-focus state 1is
achieved. In the 1mage capture device, 1t 1s preferable the
restoration processing section performs the restoration pro-
cessing on the processing target 1mage, on the basis of the
acquired first and second filters and the estimated focusing
time period, 1 case where the mn-focus determination sec-
tion determines that the processing target image 1s not in the
target in-focus state. Thereby, 1t 1s possible to perform the
restoration processing appropriate for the estimated focusing
time period through the first and second filters.

In the 1image capture device according to a fourth aspect
of the present invention, 1t 1s preferable that the auto focus
adjustment section detects an amount of defocus of each
captured 1mage and controls the optical system until the
detected amount of defocus enters a depth-of-focus range,
and the focusing time estimation section estimates a focus-
ing time period from when the amount of defocus 1s detected
to when it enters the depth-of-focus range. When the auto
focus adjustment section performs the focus adjustment, this
1s accompanied by mechanical movement of the optical
system (focus lens or the like). Accordingly, there 1s a time
difference from when the amount of defocus 1s detected to
when 1t enters the depth-of-focus range. Further, when a
driving speed of the focus lens 1s excessively high, hunting
of the auto focus adjustment occurs. For this reason, there 1s
also a method of making a lens driving speed lower when the
focus lens 1s closer to the in-focus position. Thereby, there
1s a certain time difference from when the amount of defocus
1s detected to when 1t enters the depth-of-focus range.

According to the fourth aspect of the present invention,
when the optical system 1s controlled on the basis of the
amount of defocus, a time period from when the amount of
defocus 1s detected to when the amount of defocus enters the
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depth-of-focus range 1s estimated. In addition, the focusing
time period may be estimated by the focusing time estima-
tion section for each of the images which are successively
captured, and may be estimated for each of a predetermined
number of 1mages.

In the 1mage capture device according to a fifth aspect of
the present invention, 1t 1s preferable that the focusing time
estimation section estimates the focusing time period only
when the amount of defocus detected by the auto focus
adjustment section 1s equal to or less than a threshold value,
and the restoration processing section performs restoration
processing by using only the acquired second filter when the
amount of defocus 1s greater than the threshold value.

In case where the amount of defocus 1s greater than the
threshold value, a degree of blurring of the image, which 1s
acquired at the time point, 1s large. When the restoration
processing including the first filter 1s performed on a blurred
image, the image quality 1s rather degraded. Accordingly, 1n
case where the detected amount of defocus 1s greater than
the threshold value, the restoration processing 1s performed
by using the second filter only. In contrast, in case where the
amount of defocus 1s equal to or less than the threshold
value, the focusing time period 1s estimated so as to perform
the restoration processing using the first and second filters.

In the image capture device according to a sixth aspect of
the present invention, it 1s preferable that the auto focus
adjustment section calculates a high-frequency component
ol an in-focus region of each image captured by the 1image
capture section as an evaluation value, and controls the
optical system until the calculated evaluation value reaches
a peak value, and the focusing time estimation section
estimates a time period that elapses until the evaluation
value reaches a first threshold value corresponding to the
target 1n-focus state, on the basis of change in the evaluation
value calculated by the auto focus adjustment section.

The auto focus adjustment section controls the optical
system such that the evaluation value indicating the high-
frequency component of the in-focus region of the image
reaches the peak value. In particular, 1n the case of succes-
sively captured images (a moving image and the like), the
auto focus adjustment section performs so-called hill-climb-
ing control for controlling the optical system such that the
evaluation value 1s maintained at the peak position. In the
case of the hill-climbing control, by calculating the evalu-
ation value of each of the images successively acquired
while controlling the optical system, at the time point where
the calculated evaluation value decreases to become less
than the peak value, it 1s determined that the image 1s 1n the
in-focus state. Therefore, the first threshold value corre-
sponding to the target in-focus state 1s determined, and the
time period, which will elapse belfore the evaluation value
reaches the first threshold value, 1s estimated, on the basis of
change in the evaluation value which 1s calculated by the
auto focus adjustment section.

In the 1image capture device according to a seventh aspect
of the present imvention, 1t 1s preferable that the focusing
time estimation section estimates the focusing time period
only in case where the evaluation value calculated by the
auto focus adjustment section 1s equal to or greater than a
second threshold value which 1s less than the first threshold
value, and the restoration processing section performs the
restoration processing by using only the acquired second
filter 1n case where the evaluation value calculated by the
auto focus adjustment section 1s less than the second thresh-
old value.

In case where the calculated evaluation value 1s less than
the second threshold value, a degree of blurring of the
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image, which 1s acquired at the time point, 1s large. When the
restoration processing including the first filter 1s performed
on a blurred image, the image quality 1s rather degraded.
Accordingly, 1n case where the calculated evaluation value
1s less than the second threshold wvalue, the restoration
processing 1s performed by using the second filter only. In
contrast, 1n case where the evaluation value 1s equal to or
greater than the second threshold value, the focusing time
period 1s estimated so as to perform the restoration process-
ing using the first and second filters.

In the 1mage capture device according to an eighth aspect
of the present invention, 1t 1s preferable that the restoration
processing section generates a first image and a second
image by performing the restoration processing on the
processing target 1mage respectively on the basis of the
acquired first and second filters, in case where the in-focus
determination section determines that the processing target
image 1s not 1n the target in-focus state, and generates
restored 1mages by performing weighted averaging on the
first and second 1mages through weighting that gives a larger
weight to the first image when the focusing time period
estimated by the focusing time estimation section 1s shorter.

That 1s, the first and second 1mages are generated by
performing the restoration processing on the processing
target 1mage respectively on the basis of the acquired first
and second filters, and restored images are generated by
performing weighted averaging on the generated first and
second 1mages. The weighting at the time of weighted
averaging gives a larger weight to the first image when the
focusing time period estimated by the focusing time esti-
mation section 1s shorter. Thereby, in a time period from a
blurred state to an in-focus state, weighting at the time of
welghted averaging 1s changed, and smoothly connected
restored 1mages can be generated.

In the 1image capture device according to a mnth aspect of
the present invention, 1t i1s preferable that the auto focus
adjustment section detects an amount of defocus of each
captured 1mage and controls the optical system until the
detected amount of defocus enters a depth-of-focus range,
and the restoration processing section generates the first
image and the second 1mage by performing the restoration
processing on the processing target image respectively on
the basis of the acquired first and second filters, 1n case
where the 1n-focus determination section determines that the
processing target image 1s not in the target in-focus state, and
generates restored 1images by performing weighted averag-
ing on the first and second 1mages through weighting that
gives a larger weight to the first image when the detected
amount of defocus 1s smaller.

That 1s, the first and second 1mages are generated by
performing the restoration processing on the processing
target 1mage respectively on the basis of the first and second
filters, and restored images are generated by performing
weighted averaging on the generated first and second
images. The weighting at the time of weighted averaging
gives a larger weight to the first image when the detected
amount of defocus 1s smaller. Thereby, 1n the time period
from the blurred state to the in-focus state, weighting at the
time of weighted averaging i1s changed, and smoothly con-
nected restored 1mages can be generated.

In the 1mage capture device according to a tenth aspect of
the present invention, 1t 1s preferable the auto focus adjust-
ment section detects an amount of defocus of each captured
image and controls the optical system until the detected
amount of defocus enters a depth-of-focus range, the resto-
ration processing section has a third filter calculation section
that calculates a third filter for the images which are acquired
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by the 1mage capture section on the basis of the acquired first
and second filters and the detected amount of defocus, the
third filter calculation section calculating the third filter
having a filter coellicient which gradually becomes closer to
a filter coelld

icient of the first filter from a filter coeflicient of
the second filter when the detected amount of defocus
becomes smaller, and the restoration processing 1s per-
formed on an 1image, which 1s captured immediately belore
the target 1in-focus state 1s achieved after the focus adjust-
ment 1s started by the auto focus adjustment section, among
the 1mages successively captured by the image capture
section, by using the third filter calculated by the third filter
calculation section, and the restoration processing 1s per-
formed on an 1mage, which is in the target in-focus state, by
using the acquired first filter.

In the 1mage capture device according to an eleventh of
the present nvention, 1t 1s preferable that the restoration
processing section has a third filter calculation section that
calculates a third filter for the processing images which are
acquired by the image capture section on the basis of the
acquired first and second filters and the estimated focusing
time period, the third filter calculation section calculating
the third filter having a filter coetlicient which gradually
becomes closer to a filter coeflicient of the first filter from a
filter coetlicient of the second filter when the focusing time
pertod becomes longer, and the restoration processing 1s
performed on an image, which 1s captured immediately
betore the target in-focus state 1s achieved after the focus
adjustment 1s started by the auto focus adjustment section,
among the images successively captured by the image
capture section, by using the third filter calculated by the
third filter calculation section, and the restoration processing,
1s performed on an i1mage, which 1s in the target in-focus
state, by using the acquired first filter.

According to the eleventh aspect of the present invention,
the third filter having the filter coeflicient, which gradually
becomes closer to the filter coetlicient of the first filter from
the filter coeflicient of the second filter when the focusing
time period becomes longer, 1s calculated, and the restora-
tion processing 1s performed on the 1mage, which 1s captured
immediately before the target in-focus state 1s achieved after
the focus adjustment 1s started, by using the calculated third
filter. As a result, smoothly connected restored 1mages can
be generated regardless of the in-focus state.

In the 1mage capture device according to a twellth aspect
of the present invention, 1t 1s preferable that 1n case where
t>t0 1s established where t 1s a current time and t0 1s a
previous time at which the third filter calculation section
calculated the third filter, assuming that the third filter at the
previous time t0 1s X(t0), the third filter at the current time
t 1s X(t), a focusing time estimated by the focusing time
estimation section at the previous time t0 1s t1, the first filter
acquired by the first filter acquisition section and corre-
sponding to photography conditions of the optical system at
the focusing time t1 1s F, the second filter acquired by the
second filter acquisition section 1s A, and a monotonically
increasing function 1s W(r) where W(0)=0, W(1)=1, and the
third filter calculation section calculates a Currently used
third filter X(t) through the following expression X(t)=(1-
W(r))xX(t0)+W(r)><F where r=(t-t0)/(t1-t0), and X(0)=A.

In the image capture device according to a thirteenth
aspect of the present invention, 1t 1s preferable that the third
filter calculation section calculates the third filter whenever
a plurality of 1images 1s acquired from the image capture
section, and the restoration processing section uses the third
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filter, which 1s calculated by the third filter calculation
section, 1n the restoration processing for the plurality of
1mages.

In the mmage capture device according to a fourteenth
aspect of the present invention, 1t 1s preferable that the first
filter acquisition section acquires the first filter, which 1s
generated corresponding to the point spread function under
photography conditions, on the basis of the photography
conditions of the optical system after elapse of the focusing
time period estimated by the focusing time estimation sec-
tion.

According to the fourteenth aspect of the present inven-
tion, the filter corresponding to the photography conditions
of the optical system after elapse of the estimated focusing
time period 1s used as the first filter. Hence, the images,
which are captured immediately before the target in-focus
state 1s achieved after the focus adjustment 1s started, can be
used as the restored 1mages which are smoothly connected.

The 1mage capture device according to a fifth aspect of the
present invention further includes: a photography prepara-
tion instruction section that outputs a photography prepara-
tion 1nstruction 1 accordance with a user’s mnstruction mnput;
and a display section that displays the 1images successively
captured by the 1image capture section as a live view 1mage.
In the 1mage capture device, it 1s preferable that the resto-
ration processing section performs the restoration process-
ing by using only the acquired second filter at least until the
photography preparation instruction 1s output from the pho-
tography preparation instruction section.

Normally, the focus adjustment 1s not performed by the
auto focus adjustment section during the time period that
clapses until the photography preparation instruction 1is
output from the photography preparation instruction section.
Hence, the restoration processing is performed on the image
(live view 1mage) acquired during the time period, by using
the second filter only. Thereby, image quality 1s not lowered
due to overcorrection and the like.

In the 1mage capture device according to a sixteenth
aspect of the present invention, 1t 1s preferable that the
restoration processing section performs the restoration pro-
cessing by using the acquired first filter when the photog-
raphy preparation instruction 1s output from the photography
preparation instruction section and the focus adjustment 1s
performed by the auto focus adjustment section. That 1s, the
photography preparation instruction 1s output from the pho-
tography preparation instruction section, and the focus
adjustment 1s performed by the auto focus adjustment sec-
tion. As a result, when the image which 1s 1n the target
in-focus state 1s acquired, the restoration processing 1s
performed on the image by using the first filter. Thereby, it
1s possible to restore a degraded 1mage to a high-resolution
image through the point spread function of the optical
system.

In the 1mage capture device according to a seventeenth
aspect of the present invention, it 1s preferable that the
second filter 1s at least one of an edge enhancement filter, a
restoration filter 1n which a modulation transfer function
(MTF) after the restoration 1s not greater than 1.0, a zero
phase filter, a restoration filter which 1s generated corre-
sponding to the point spread function 1n a region where an
amount of aberration of the optical system i1s smallest, and
a {ilter which has 1 at a center of a kernel and O at positions
other than the center.

According to an eighteenth aspect of the present mnven-
tion, there 1s provided an 1image processing method 1nclud-
Ing: an 1mage acquisition step ol successively acquiring
images from an 1image capture section; an auto focus adjust-
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ment step of automatically performing focus adjustment on
the 1mages which are successively captured by the image

capture section; a first filter acquisition step of acquiring a
first filter as a restoration filter which 1s generated corre-
sponding to a point spread function of an optical system of
the 1mage capture section; a second filter acquisition step of
acquiring a second filter which 1s applied to a defocused
image ol the images successively captured by the image
capture section and of which a restoration strength 1s weaker
than a restoration strength of the first filter; an in-focus
determination step of determiming whether or not a process-
ing target image of the images successively captured by the
image capture section 1s 1n a target in-focus state, due to the
focus adjustment performed by the auto focus adjustment
section; and a restoration processing step ol performing a
restoration processing, which uses at least the second filter
acquired by the second filter acquisition step, on the pro-
cessing target 1mage in case where 1t 1s determined in the
in-focus determination step that the processing target image
1s not 1n the target in-focus state, and performing restoration
processing which uses the first filter acquired by the first
filter acquisition step, on the processing target image in case
where 1t 1s determined 1n the in-focus determination step that
the processing target 1image 1s 1n the target in-focus state.

The 1image processing method according to a nineteenth
aspect of the present invention further includes a focusing
time estimation step of estimating a focusing time period
from when the focus adjustment 1s started by the auto focus
adjustment section to when the target in-focus state 1is
achieved. In the method, 1t 1s preferable that, in the resto-
ration processing step, the restoration processing 1s per-
formed on the processing target image, on the basis of the
acquired first and second filters and the estimated focusing
time period, in case where 1t 1s determined 1n the in-focus
determination step that the processing target image 1s not 1n
the target in-focus state.

According to the present invention, among the succes-
sively captured 1images, an 1mage, which 1s not 1n the target
in-focus state, 1s subjected to the restoration processing
through the second filter of which the restoration strength 1s
weak. Hence, image quality 1s not lowered due to overcor-
rection and the like. In contrast, an 1image, which 1s 1n the
target in-focus state, 1s subjected to the restoration process-
ing through the first filter as the restoration filter which 1s
generated corresponding to the point spread function of the
optical system. Hence, a degraded image is restored to a
high-resolution 1mage through the point spread function of
the optical system.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view 1llustrating an embodiment of
an 1mage capture device according to the present invention.

FIG. 2 1s a rear view of the image capture device shown
in FIG. 1.

FIG. 3 1s a block diagram 1illustrating an embodiment of
an internal configuration of the 1mage capture device shown
in FIG. 1.

FIGS. 4A and 4B are diagrams 1llustrating configuration
examples of phase difference pixels.

FIG. 5 1s a diagram 1llustrating an AF region and an 1mage
capture region of the image capture element.

FIGS. 6A, 6B, and 6C are diagrams illustrating other
embodiments of AF regions.

FIG. 7 1s a main section block diagram illustrating an
embodiment of an 1mage processing section of the image
capture device shown i FIG. 3.
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FIG. 8 1s a diagram used for explaining restoration
processing.

FIG. 9 1s a main section block diagram 1illustrating a first
embodiment of a restoration processing device.

FIG. 10 1s a flowchart illustrating an image processing >
method corresponding to the first embodiment.

FIG. 11 1s a main section block diagram illustrating a
second embodiment of a restoration processing device.

FIG. 12 1s a diagram used for explamning a weight
coellicient for weighted average calculation.

FIG. 13 1s a flowchart illustrating an image processing
method corresponding to the second embodiment.

FIG. 14 1s a flowchart illustrating an image processing
method corresponding to a modified example of the second
embodiment.

FIG. 15 1s a main section block diagram 1illustrating a third
embodiment of a restoration processing device.

FI1G. 16 1s a graph 1llustrating an AF evaluation value used
for explaining a contrast AF in the process of image cap- 20
turing of a moving 1mage.

FIG. 17 1s a flowchart illustrating an image processing
method corresponding to the third embodiment.

FIG. 18 1s a main section block diagram illustrating a
fourth embodiment of a restoration processing device. 25
FIG. 19 15 a diagram used for explaining estimation of a

focusing time period at the time of the contrast AF.

FIG. 20 1s a flowchart illustrating an image processing
method corresponding to the fourth embodiment.

FIG. 21 1s a flowchart illustrating an image processing 30
method corresponding to a modified example of the fourth
embodiment.

FI1G. 22 1s a diagram used for explaining a threshold value
of the AF evaluation value.

FI1G. 23 1s a main section block diagram 1llustrating a fifth 35
embodiment of a restoration processing device.

FIG. 24 1s a graph illustrating an arbitrary monotonically
increasing function.

FIG. 25 1s a tflowchart illustrating an 1mage processing,
method corresponding to the fifth embodiment. 40
FIG. 26 1s a flowchart illustrating details of step S90 of

FIG. 25.

FIG. 27 1s a main section block diagram illustrating a
sixth embodiment of a restoration processing device.

FIG. 28 1s a diagram used for explaining the contrast AF 45
at the time of capturing a still 1image.

FIG. 29 1s a flowchart illustrating an image processing
method corresponding to the sixth embodiment.

FI1G. 30 1s a perspective view 1llustrating an appearance of
a smartphone. 50

FIG. 31 1s a block diagram 1llustrating a configuration of
the smartphone.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS 55

Hereinaliter, referring to accompanying drawings, pre-
ferred embodiments of an 1mage capture device and an
image processing method according to the present invention
will be described 1n detail. 60

[Image Capture Device]

FIGS. 1 and 2 are respectively a perspective view and a
rear view 1llustrating an embodiment of an 1mage capture
device according to the present invention. The image capture
device 10 1s a digital camera or a digital video camera that 65
receives light transmitted through a lens from an 1mage
capture element, converts the light into a digital signal, and

10

records the signal as 1image data of a still image or a moving
image 1n a recording medium.

As shown 1n FIG. 1, in the image capture device 10, a
photography lens (optical system) 12, a strobe 1, and the like
are arranged on the front side thereof, and a shutter button
2, a power/mode switch 3, a mode dial 4, and the like are
arranged on the upper side thereof. On the other hand, as
shown 1n FIG. 2, a liquid crystal monitor 30, a zoom button
5, an arrow button 6, a MENU/OK button 7, a reproducing
button 8, a BACK button 9, and the like are arranged on the
rear side of the camera.

The photography lens 12 1s formed as a collapsible zoom
lens so as to be projected from a camera main body by
setting a camera mode to a photography mode through the
power/mode switch 3. The strobe 1 1s for 1irradiating a main
photographic subject with strobe light.

The shutter button 2 1s formed as a stroke-type switch
which operates 1n a manner of having two steps which are
so-called “pressing haltway (51 ON)” and “‘pressing fully
(S2 ON)” so as to function as a photography preparation
instruction section and function as an image recording
instruction section.

In the image capture device 10, recording of a moving
image 1s started when a moving 1image photography mode 1s
selected as the photography mode and the shutter button 2 1s
“pressed fully”, and the recording stops and remains on
standby when the shutter button 2 1s “pressed fully” again.
Further, when the moving image photography mode 1is
selected, an auto focus adjustment section continuously
performs focus adjustment (performs continuous AF based
on phase diflerence AF), and an automatic exposure control
section performs exposure control. The auto focus adjust-
ment section includes a lens driving section 36 and an auto
focus processing section (AF processing section) 42 to be
described later. The automatic exposure control section
includes an automatic exposure detection section (AE detec-
tion section) 44 and a shutter driving section 33, and a
diaphragm driving section 34.

In contrast, 1n the image capture device 10, a photography
preparation operation of performing AF and AE control 1s
started when a still image photography mode 1s selected as
the photography mode and the shutter button 2 1s “pressed
haltway”, and 1image capturing and recording of a still image
are performed when the shutter button 2 1s “pressed fully”.

The power/mode switch 3 has both a function as a power
switch for turning on/ofl power of the 1mage capture device
10 and a function as a mode switch for setting a mode of the
image capture device 10, and 1s disposed to slide between an
“OFF position”, a “reproduction position”, and a “photog-
raphy position”. In the 1mage capture device 10, power 1s
turned on by sliding and adjusting the power/mode switch 3
to the “reproduction position” or the “photography posi-
tion”, and power 1s turned off by adjusting the switch to the
“OFF posttion”. Then, the “reproduction mode” 1s set by
adjusting and sliding the power/mode switch 3 to the “repro-
duction position”, and the “photography mode” 1s set by
adjusting the switch to the “photography position”.

The mode dial 4 functions as photography mode setting,
means that sets the photography mode of the image capture
device 10. The photography mode of the stereoscopic image
capture device 10 1s set to various modes 1n accordance with
the setting position of this mode dial 4. For example, there
are a “still image photography mode” to capture a still
image, a “moving image photography mode” to capture a
moving 1mage, and the like.

The liquid crystal monitor 30 displays a live view 1mage
in the photography mode, that 1s, a through-the-lens 1mage,
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and displays a still image or a moving 1mage in the repro-
duction mode, and displays a menu screen and the like,
thereby functioning as a part of a graphical user interface
(GUI).

The zoom button 5 functions as zoom 1nstruction means
configured to give instructions to perform zooming. The
zoom button 3 includes a telephoto button 5T that gives an
istruction to perform zooming to the telephoto side and a
wide button 5W that gives an instruction to perform zoom-
ing to the wide angle side. When the image capture device
10 1s 1n the photography mode, if the telephoto button 35T
and the wide button 5W are operated, the focal length of the
photography lens 12 changes. Moreover, if the telephoto
button 5T and the wide button SW are operated in the
reproduction mode, an 1mage, which 1s being reproduced, 1s
enlarged or reduced.

The arrow button 6 1s a multi-function button to input
istructions of four directions of up, down, right, and left,
and functions as a button (cursor movement operation
means) that selects an 1tem from a menu screen or gives an
istruction to select various setting items from each menu.
The night/left key functions as a frame advance (forward-
direction/opposite-direction advance) button in the repro-
duction mode.

The MENU/OK button 7 1s an operation button having
both a function as a menu button to give a command to
display a menu on the screen of the liquid crystal monitor 30
and a function as an OK button to give a command to
confirm and execute selected contents.

The reproducing button 8 i1s a button to switch to a
reproduction mode to display a captured and recorded still
image or moving 1mage on the liquid crystal monitor 30.

The BACK button 9 functions as a button to give an
istruction to cancel the iput operation or return to the
previous operation state.

[Internal Configuration of Image Capture Device]

FIG. 3 1s a block diagram illustrating an embodiment of
an internal configuration of the image capture device 10.
This 1mage capture device 10 records a captured image 1n a
memory card 54, and the entire device operation 1s integrally
controlled by a central processing unit (CPU) 40.

The 1mage capture device 10 1s provided with an opera-
tion section 38 that includes the shutter button 2, the
power/mode switch 3, the mode dial 4, the telephoto button
5T, the wide button 5W, the arrow button 6, the MENU/OK
button 7, the reproducing button 8, and the BACK button 9.
A signal from this operation section 38 1s mnput to the CPU
40, and the CPU 40 controls each circuit of the image
capture device 10 on the basis of the mput signal. For
example, the CPU 40 performs control to drive an image
capture element (1mage sensor) 16, lens drive control, dia-
phragm drive control, photography operation control, image
processing control, control to record and reproduce 1mage
data, and control to perform display on the liquid crystal
monitor 30, and the like.

When power of the image capture device 10 1s turned on
by the power/mode switch 3, power 1s fed from a power
supply section, which 1s not shown, to each block, and the
driving of the image capture device 10 1s started.

Rays, which pass through the photography lens 12, the
diaphragm 14, a mechanical shutter 15, and the like, are
imaged on the 1mage capture element 16 which 1s a comple-
mentary-metal-oxide-semiconductor (CMOS) type color
image sensor. In addition, the image capture element 16 1s
not limited to the CMOS type, and may be an XY address
type, or a charge-coupled-device (CCD) type color image
SEeNnsor.
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The image capture element 16 1s formed of a plurality of
pixels arranged 1n a matrix shape of a predetermined pattern
array (such as a Bayer array, a G stripe R/G full checkered
array, an X-Trans (registered trademark) array, or a honey-
comb array). Each pixel 1s configured to include a microlens,
a red (R), green (G) or blue (B) color filter CF, and a
photodiode (PD).

The 1mage capture element 16 of the present example
includes phase difference pixels for phase difference AF
shown 1n FIGS. 4A and 4B.

FIGS. 4A and 4B are enlarged main part views respec-
tively illustrating configurations of a first phase difference
pixel pl and a second phase difference pixel p2.

As shown 1n FIG. 4A, a light blocking member 16A 1s
disposed on the front surface side (microlens L side) of a
photodiode (PD) of the first phase difference pixel pl. On
the other hand, as shown i FIG. 4B, a light blocking
member 168 1s disposed on the front surface side of the
photodiode (PD) of the second phase difference pixel p2.
The microlens L and the light blocking members 16 A and
168 have a function as pupil division means. As shown 1n
FIG. 4A, the light blocking member 16A blocks the light 1n
the left half of the light receiving surface of the photodiode
(PD). Theretore, the first phase difference pixel p1 receives
the rays only on the left side with respect to the optical axis
among rays that have passed through the exit pupil of the
photography lens 12. As shown in FIG. 4B, the light
blocking member 16B blocks the light in the right half of the
light receiving surface of the photodiode (PD) of the second
phase difference pixel p2. Therelore, the second phase
difference pixel p2 receives the rays only on the rnight side
with respect to the optical axis among rays that have passed
through the exit pupil of the photography lens 12. As
described above, the rays, which pass through the exit pupil,
are divided toward the right and left through the light
blocking members 16 A and 16B and the microlens L as
pupil division means, and the divided rays are respectively
incident into the first phase difference pixel pl and the
second phase difference pixel p2.

The first phase difference pixel pl and the second phase
difference pixel p2 are, as shown 1n FIG. 5, provided 1n an
AF region (in-focus region) at the central portion in an
image capture region of the image capture element 16. It 1s
preferable that about several tens to one hundred of the first
phase difference pixels pl and the second phase difference
pixels p2 are arranged in the phase difference detection
direction, that 1s, the horizontal direction 1n the present
embodiment. It 1s also preferable that a plurality of pairs of
phase difference pixels 1s arranged 1n the vertical direction.

The AF region 1s not limited to the example shown 1n FIG.
5. As shown i FIGS. 6A, 6B, and 6C, a plurality of AF
regions may be discretely provided in the image capture
region of the 1mage capture element 16, and may be pro-
vided 1n the entire 1mage capture region.

Returning to FIG. 3, the CPU 40 constantly performs AF
and AE operations during image capturing and recording
(1mage recording) of a moving 1mage and during image
capturing and displaying of a live view 1image.

An AF processing section 42 1s a section which performs
a phase difference AF process, and detects the phase difler-
ence by using each output signal of the phase diflerence
pixel pl and the second phase diflerence pixel p2 shown in
FIGS. 4A and 4B.

That 1s, the AF processing section 42 extracts the image
data (output data) of the first phase diflerence pixel p1 and
the second phase difference pixel p2 in the AF region from
image data corresponding to a single frame, and detects the
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phase difference between the output data of the first phase
difference pixel pl and the output data of the phase difler-
ence pixel p2. For example, the phase difference 1s acquired
from the amount of shift in the lateral direction between
pieces of output data when the correlation between pieces of
output data of one upper/lower pair of the first phase
difference pixel p1 and the second phase difference pixel p2
1s at a maximum (when the sum value of absolute values of
differences between pieces of output data of the upper/lower
pair of the phase difference pixels 1s at a minimum).

The CPU 40 calculates an amount of deviation (amount of
defocus) 1n the optical axis direction between a focus
position of the photography lens 12 and an 1imaging plane of
the 1mage capture element 16 on the basis of the phase
difference data detected by the AF processing section 42.

When phase difference data indicating a phase difference
1s mput from the AF processing section 42, the CPU 40
functions as focus adjustment means for performing the
phase diflerence AF on the basis of the phase difference data.
That 1s, the CPU 40 calculates an amount of deviation
(amount of defocus) between the focus position of the
photography lens 12 and the imaging plane of the image
capture element 16 on the basis of the phase diflerence data,
and moves the focus lens 1n the photography lens 12 through
a lens driving section 36 such that the calculated amount of
defocus enters a range of a depth of focus. The amount of
defocus may be calculated by the AF processing section 42.
Subsequently, 1f the shutter button 2 1s “pressed fully”, the
CPU 40 starts photography and recording (image recording)
of a moving 1mage.

If the photography mode 1s the moving 1mage photogra-
phy mode, the CPU 40 inputs the phase diflerence data,
which indicates the phase diflerence, from the AF processing,
section 42 for each of the images (for each one frame)
continuously captured or for each of a predetermined num-
ber of frames, and performs the phase diflerence AR The
phase difference AF moves the focus lens within the pho-

tography lens 12 through the lens driving section 36 such
that the amount of defocus calculated on the basis of the
phase diflerence data enters the range of the depth of focus.
In this case, since the phase difference data 1s input for each
one frame or for each of the predetermined number of
frames, the phase difference AF 1s constantly performed (the
continuous AF 1s performed). That 1s, 1n the moving image
photography mode, the mechanical shutter 15 1s opened,
image data 1s continuously read from the image capture
clement 16 with a predetermined frame rate (for example, a
frame rate of 30 frames/sec., or 60 frames/sec.), the phase
difference AF 1s continuously performed, the luminance of
the photographic subject 1s calculated, and the diaphragm 14
1s controlled by the diaphragm driver 34.

The reference number 47 indicates a read-only memory
(ROM) or an electrically erasable programmable read-only
memory (EEPROM) that stores a camera control program,
information on defects 1n the image capture element 16, and
various parameters and tables used for image processing and
the like. In the present example, the ROM 47 stores first and
second filters which are restoration filters generated corre-
sponding to the point spread function (PSF) of the photog-
raphy lens 12.

RGB mmage data (mosaic image data), which 1s output
from the 1image capture element 16 at the time of capturing
a moving image or a still image, 1s input from an 1mage 1nput
controller 22 to a memory (Synchronous Dynamic Random
Access Memory: SDRAM) 48, and 1s temporarily stored
therein.

5

10

15

20

25

30

35

40

45

50

55

60

65

14

The image data, which 1s temporarily stored in the
memory 48, 1s appropriately read by the image processing
section 24, and 1s therein subjected to signal processing. The
signal processing includes oflset processing, gain control
processing 1mcluding white balance correction and sensitiv-
ity correction, gamma correction processing, demosaic pro-
cessing (demosaicing processing), RGB/YC conversion pro-
cessing, restoration processing according to the present
invention, and the like. In addition, the 1mage processing
section 24 will be described later in detail.

The image data processed by the image processing section

24 1s input to a video RAM (VRAM) 50. The VRAM 50

includes an A region and a B region each of which stores
image data indicating an 1image corresponding to one frame.
Image data indicating the image corresponding to one frame
1s alternately rewritten 1n the A region and the B region in the
VRAM 50. Written image data 1s read from a region, which
i1s other than that where image data i1s being rewritten,
between the A region and the B region of the VRAM 50.
The 1mage data, which 1s read from the VRAM 50, 1s

encoded by a video encoder 28, and output to the liquid
crystal monitor 30 provided on the rear surface of the
camera, thereby allowing a live view 1mage to be continu-
ously displayed on the display screen of the liquid crystal
monitor 30.

A compression decompression processing section 26 per-
forms compression processing on luminance data Y and
color difference data Cb and Cr, which are processed by the
image processing section 24 and temporarily stored in the
memory 48, at the time of recording the moving image or the
still image. In the case of the moving image, the data pieces
are compressed on the basis of, for example, the H.264
format. In the case of the still image, the data pieces are
compressed on the basis of, for example, the joint photo-
graphic coding experts group (JPEG) format. The com-
pressed 1mage data, which 1s compressed by the compres-
s10n decompression processing section 26, 1s recorded 1n the
memory card 54 through a media controller 52.

The compression decompression processing section 26
performs decompression processing on the compressed

image data which 1s obtaimned from the memory card 54
through the media controller 52 1n the reproduction mode.
The media controller 52 performs recording, reading, and
the like of the compressed 1image data on the memory card
54.

<Image Processing>

FIG. 7 1s a main section block diagram illustrating an
embodiment of the image processing section 24 of the image
capture device 10 shown in FIG. 3.

As shown i FIG. 7, the image processing section 24
mainly has a demosaic processing section 60, an RGB/YC
conversion section 62, and a restoration processing section
100. In addition, the 1image processing section 24 also has
processing sections that perform white balance correction
processing, gamma correction processing, edge enhance-
ment processing, and the like. However, figures and descrip-
tion of these processing sections will be omaitted.

The demosaic processing section 60 i1s a section that
performs the demosaic processing. Here, the demosaic pro-
cessing 1s processing of calculating information of all colors
for each pixel from the mosaic 1image corresponding to a
color filter array of a single-plate-type color image capture
clement, and 1s also referred to as synchronization process-
ing. For example, 1n the case of the image capture element
having color filters of three colors of RGB, the demosaic
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processing 1s processing of calculating information of all
colors of RGB for each pixel from the mosaic 1mage having
RGB colors.

The demosaic processing section 60 receives inputs of
image data R1, G1, and B1 of respective colors of RGB
obtained through image capturing of the image capture
clement 16. The demosaic processing section 60 performs
demosaic processing on the input image data R1, G1, and
B1, and generates RGB 1mage data R2, G2, and B2 consti-
tuted of color data of three aspects of RGB.

The RGB/YC conversion section 62 performs the RGB/
YC conversion processing on RGB image data R2, G2, and
B2 which are input from the demosaic processing section 60,
and generates the luminance data Y and the color difference
data Cb and Cr. The luminance data Y 1s generated on the
basis of, for example, an expression of [Y=0.3R+0.6G+
0.1B]. Here, 1n the present embodiment, as an example of
the luminance data Y, a value of a luminance signal of a
color space indicated by Y, Cb, and Cr” 1s described.
However, the luminance data Y 1s not particularly limited as
long as it 1s data contributing to a luminance of an 1mage,
and means various kinds of data having information on the
luminance of a captured image. Examples of the luminance
data Y include: data that indicates the luminance in the
CIELAB color space; data that most contributes to acquisi-
tion of the luminance signal; data that corresponds to color
filters of colors which most contribute to the luminance; and
the like.

A restoration processing section 100 reads a first filter 102
and a second filter 104 stored in the ROM 47, and performs
the restoration processing on the luminance data Y through
the first filter 102 and the second filter 104. The restoration
processing 1s performed only on the luminance data Y, which
has a great visual eflect, in order to reduce a load of the
calculation processing. By performing the restoration pro-
cessing, as shown in FIG. 8, blurring of the image 1is
corrected.

As shown 1n (A) of FIG. 8, a point image (optical image),
which passes through the photography lens 12, 1s formed as
a large-size point image (blurred 1mage) on the image
capture surface of the image capture element 16. However,
through the restoration processing, the point 1mage 1s
restored to a small-size point image shown in (B) of FIG. 8,
that 1s, a high-resolution 1image.

[Restoration Processing]

<First Embodiment>

Next, a first embodiment of the restoration processing
device within the 1image capture device 10 will be described.

FI1G. 9 1s a main section block diagram illustrating the first
embodiment of the restoration processing device. The res-
toration processing device mainly includes the restoration
processing section 100 shown 1 FIG. 7, a first filter acqui-
sition section 130, a second filter acquisition section 140,
and an in-focus determination section 1350.

The restoration processing section 100 further includes a
first restoration processing section 110, a second restoration
processing section 120, and a selection section 122.

The first restoration processing section 110 1s a section
that performs the restoration processing on the luminance
data Y added from the RGB/YC conversion section 62 (FIG.
7), and the first filter 102 1s added to another input from the
first filter acquisition section 130.

Here, the first filter 102 1s, for example, a restoration filter
(optimized filter) which 1s formed of a deconvolution kernel
(corresponding to a number of taps of M=7 and N=7) having
a kernel s1ze of 7x7 and calculation coetlicients (correspond-
ing to restoration gain data and a filter coetlicient) corre-
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sponding to the deconvolution kernel and which 1s generated
on the basis of the point spread functions (PSFE, OTF, MTF,
PTF, and the like) corresponding to photography conditions
(a diaphragm value (F number), an angle of view (1mage
height), a zoom ratio, a photographic subject distance, and
the like) of the photography lens 12. Specifically, PSF ,(x,
v), PSF (X, v), and PSF,(X, y) of respective RGB colors of
the photography lens 12 are mixed using an appropriate
welghting coethicient, thereby creating PSF,{(x, y) for the
luminance data Y. By using these PSF (X, v), the restoration
filter for performing the restoration processing on the lumi-
nance data Y 1s generated. Here, (X, v) indicates a position
within the screen of the image capture element 16. In
addition, the kernel size of the deconvolution kernel 1s not
limited to the size of 7x7, and various sizes may be applied.

Generally, a convolution-type Wiener filter can be used 1n
the restoration of blurring performed through PSF. Referring
to information of a SN ratio and an OTF which 1s obtained
through Fourier transform on the PSF(X, y), frequency
characteristics d(w,, m,) of the restoration filter can be
calculated through the following expression.

H* (wy, wy) [Numerical Expression 1]

”H(‘:Uxa I[:JL‘;'],'IJ’)HZ + I/SNR({UI:' {U}’)

Ay, Wy) =

Here, H(w,, w,) indicates OTF, and H*(w,, w,) indicates
a complex conjugate thereot. Further, SNR(w,, ) indicates
the SN ratio.

The filter coetlicient of the restoration filter 1s designed 1n
terms of optimization for selecting a coeflicient value such
that the coetlicient 1s most approximate to desired Wiener
frequency characteristics, and the filter coeflicient 1s appro-
priately calculated 1n accordance with an arbitrary known
method.

In the present example, the restoration filter, which 1s
created as described above, 1s stored as the first filter 102 1n
the ROM 47.

Since the PSF changes 1n accordance with a diaphragm
value (F number), an angle of view (image height), a zoom
ratio, a photographic subject distance, a type of the lens, and
the like, multiple first filters 102 are provided. In the present
embodiment, the ROM 47 stores at least the first filters 102
which mclude a plurality of restoration filters (optimized
filters) generated on the basis of a PSF compliant with a
plurality of photographic subject distances.

The first filter acquisition section 130 reads the first filters
102 which correspond to a position (image height) of the
luminance data Y to be subjected to the restoration process-
ing 1n the screen and image capture conditions (an F number,
a diaphragm value, and the like), and outputs the read first
filters 102 to the first restoration processing section 110.

The first restoration processing section 110 performs
convolution on luminance data having a kernel size of 7x7
including the luminance data Y of the restoration processing
target and the first filter 102 which 1s input from the first
filter acquisition section 130, and outputs the luminance data
Y , subjected to the restoration processing as a result of the
convolution 1n response to an mput A of the selection section
122.

In contrast, the second restoration processing section 120
1s a section that performs the restoration processing on the
luminance data Y added from the RGB/YC conversion
section 62, and the second filter 104 1s added to another input
from the second filter acquisition section 140.
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Here, the second filter 104 i1s, for example, a moderate
filter having a kernel size of 7x7. In addition, as the second
filter 104, 1t 1s possible to use a filter which 1s less eflective
in terms of point 1image restoration, that 1s, a filter which 1s
unlikely to cause artifacts and has any feature of the fol- 5
lowing filters.

Available filters include:

(1) an edge enhancement filter which performs moderate

edge enhancement;

(2) a restoration filter in which a modulation transfer 10
function (MTF) after restoration 1s not greater than 1.0
(the MTF after restoration may be greater than 1.0 1n
accordance with RGB colors 1n the case of the first filter
102 for the luminance data Y);

(3) a zero phase filter (which includes a filter that does not 15
include movement of an 1image depending on the fre-
quency and a restoration filter that performs phase
restoration);

(4) a restoration filter which 1s generated corresponding to
the PSF of a region in which aberration of the optical 20
system 1s the minimum;

(35) a filter which has smooth frequency characteristics and
1s unlikely to cause ringing since large filter coetlicients
are concentrated in the vicinity of the center of the
kernel; 25

(6) a filter which has 1 at the center of the kernel and 0 at
positions other than the center (a filter which outputs
input data as 1t 1s); and

(7) a filter of which a restoration strength 1s lower than
that of the first filter. 30

In addition, the second filter 104 1s not limited to the
above-mentioned {ilters. In fact, any filter may be used
as long as 1t 1s unlikely to cause artifacts. Further,
examples of “(7) the filter of which the restoration
strength 1s lower than that of the first filter” include a 35
filter of which the restoration strength 1s 0, that 1s, a
filter 1n a case where control 1s performed such that the
restoration processing 1s not performed.

The second filter 104 having the above-mentioned feature
may be a filter (common filter) which 1s used 1n common for 40
a plurality of photography conditions regardless of each of
the photography conditions (the diaphragm value (F num-
ber), the angle of view (1mage height), the zoom ratio, the
photographic subject distance and the like) of the photog-
raphy optical system. In particular, by using such a filter 45
(common filter) that makes a predetermined evaluation
indicator of artifacts equal to or less than a threshold value
regardless ol the photographic subject distance even when
the filter 1s used 1n common for a plurality of photographic
subject distances, 1image quality 1s prevented from being 50
lowered through overcorrection and the like even when the
restoration processing 1s performed on an image which 1s not
in an 1n-focus state.

The second restoration processing section 120 performs
convolution on luminance data having a kernel size of 7x7 55
including the luminance data Y of the restoration processing
target and the second filter 104 which 1s mput from the
second filter acquisition section 140, and outputs the lumi-
nance data Y, as a result of the convolution 1n response to
an mput B of the selection section 122. 60

The selection section 122 selects and outputs either one of
the luminance data Y , and Y ; added to the inputs A and B,
on the basis of a selection command signal which 1s output
from the 1mn-focus determination section 150.

The 1in-focus determination section 1350 mputs an amount 65
of defocus from the AF processing section 42, and deter-
mines whether or not the currently captured 1image (process-
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ing target 1image) 1s 1n a target in-focus state on the basis of
whether or not the amount of defocus 1s 1n a range of the
depth of focus. Then, the 1n-focus determination section 150
outputs a selection command signal for selecting the lumi-
nance data Y , of the input A to the selection section 122 if
it 1s determined that the currently captured image 1s 1n the
target in-focus state, and outputs a selection command signal
for selecting the luminance data Y, of the mput B to the
selection section 122 1f 1t 1s determined that the currently
captured 1image 1s not 1n the target in-focus state.

That 1s, 1n the first embodiment of the restoration pro-
cessing device, 1n a case of the image which 1s 1n the target
in-focus state among the successively captured images in the
moving 1mage photography mode, the image (luminance
data Y ,), which 1s restored through the first filter 102, 1s
output. In a case of the image which 1s not i1n the in-focus
state, the 1mage (luminance data Y ), which 1s restored
through the second filter 104, 1s output.

Thereby, the 1image, which 1s 1n the target in-focus state,
1s subjected to the restoration processing through the first
filter. Accordingly, a degraded image corresponding to the
PSF of the photography lens 12 can be restored to a
high-resolution 1image. In contrast, the image, which 1s not
in the target in-focus state, 1s subjected to the restoration
processing through the second filter of which the restoration
strength 1s weak. Accordingly, image quality 1s not lowered
through overcorrection and the like.

FIG. 10 1s a flowchart 1illustrating an 1mage processing
method corresponding to the first embodiment. In particular,
FIG. 10 shows the restoration processing at the time of
capturing a moving image.

As shown 1n FIG. 10, in the moving image photography
mode, the CPU 40 dnives the photography lens 12, the
diaphragm 14, and the image capture eclement 16 (image
capture section) such that a moving 1mage 1s captured, and
acquires one frame (1mage corresponding to one frame) of
the moving 1image (step S10, an 1mage acquisition step). The
AF processing section 42 calculates an amount of defocus
Ad on the basis of phase pixels within the acquired image
(step S12).

The 1n-focus determination section 150 determines
whether or not the calculated amount of defocus Ad 1s 1n the
range of the depth of focus (whether or not the 1n-focus state
1s achieved) (step S14, an in-focus determination step). In
step S14, 111t 1s determined that the in-focus state 1s achieved
(1f “Yes™), the process advances to step S16. In step S16, the
first filter acquisition section 130 acquires the first filter 102
(a first filter acquisition step), and the {first restoration
processing section 110 performs the restoration processing
on the acquired image through the first filter 102 (a resto-
ration processing step).

In contrast, 1n step S14, 11 1t 1s determined that the in-focus
state 1s not achieved (if “No”), the process advances to step
S18. In step S18, the second filter acquisition section 140
acquires the second filter 104 (a second filter acquisition
step), and the second restoration processing section 120
performs the restoration processing on the acquired image
through the second filter 104 (a restoration processing step).
Further, since 1t 1s determined that the in-focus state 1s not
achieved, in conjunction with the process of step S18, AF
control 1s performed such that the amount of defocus Ad
enters the range of the depth of focus (step S20, an auto
focus adjustment step).

Next, 1t 1s determined whether or not the moving 1image 1s
recorded (step S22). That 1s, in the moving image photog-
raphy mode, 1f the shutter button 2 1s “pressed fully”, an
instruction to record the moving image 1s received, and if the
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shutter button 2 1s “pressed fully” again, the moving image
recording 1s on standby. In step S22, 11 1t 1s determined that
the moving 1image 1s recorded, the process advances to step
S24, and processing of recording the moving image 1s
performed.

Subsequently, 1t 1s determined whether or not the moving
image photography 1s completed (step S26). The completion
determination of the moving image photography is per-
tormed depending on whether or not power 1s turned off by
the power/mode switch 3 or the current mode 1s switched to
the reproduction mode.

If 1t 1s determined that the moving image photography 1s
not completed, the process advances to step S10, the next
single frame of the moving 1image 1s acquired, and steps S12
to S26 are repeated. If 1t 1s determined that the moving image
photography 1s completed, the photography/recording pro-
cessing of the moving 1mage 1s completed.

Even 1n the standby state of the moving image recording,
a moving 1image 1s captured, and the restored moving image

1s displayed as a live view image on the liquid crystal
monitor 30.

<Second Embodiment>

Next, a second embodiment of the restoration processing
device within the 1image capture device 10 will be described.

FIG. 11 1s a main section block diagram illustrating the
second embodiment of the restoration processing device. In
FI1G. 11, elements the same as those 1n the first embodiment
shown 1n FIG. 9 will be represented by the same reference
numerals and signs, and a detailed description thereot will
be omitted from discussion.

The restoration processing device of the second embodi-
ment shown i FIG. 11 mainly includes: a restoration
processing section 200 which 1s a modification example of
the restoration processing section 100 shown in FIG. 7; the
first filter acquisition section 130; the second filter acquisi-
tion section 140; the in-focus determination section 150; and
the focusing time estimation section 220.

The restoration processing section 200 further includes
the first restoration processing section 110, the second
restoration processing section 120, and a weighted average
calculation section 210.

The restoration processing device of the second embodi-
ment performs processing ol smoothly connecting the
image, which 1s restored through the second filter 104, and
the 1mage, which 1s restored through the first filter 102, in
accordance with the m-focus state.

The focusing time estimation section 220 1s operable it
the mn-focus determination section 150 determines that the
image (processing target image) at the current time point 1s
not in the target in-focus state, and estimates a time period
(focusing time period), which will elapse before the amount
of defocus enters the range of the depth of focus, on the basis
of the amount of defocus which 1s mput from the AF
processing section 42. For example, a relationship between
an amount of defocus Ad and a focusing time period AT,
which will elapse before the amount of defocus enters the
range of the depth of focus, at the amount of defocus Ad may
be measured and stored as a table in advance, and the
corresponding focusing time period AT may be read on the
basis of the amount of defocus Ad which 1s mput from the
AF processing section 42.

The focusing time estimation section 220 outputs a weight
coellicient w(AT) corresponding to the estimated focusing
time period AT to the weighted average calculation section
210. For example, as shown 1n FIG. 12, there 1s provided a
function w1, w2, or 3 of the weight coeflicient correspond-
ing to the focusing time period AT (O=wl1, ®2, w3=<1), the
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weight coetlicient w(AT) 1s calculated on the basis of the
estimated focusing time period AT, and the calculated
weight coeflicient w(A'T) 1s output to the weighted average
calculation section 210.

The weighted average calculation section 210 calculates a
weighted average value (luminance data Y ) through the
following expression, on the basis of the luminance data Y
calculated by the first restoration processing section 110, the
luminance data Y, calculated by the second restoration
processing section 120, and the weight coeflicient w(AT)
which 1s mput from the focusing time estimation section

220.

Y=0(ADXY +(1-0(AT))x Y5 [Numerical Expression 2].

The weighted average calculation section 210 outputs the
luminance data Y - calculated as described. In addition, if the
in-focus determination section 150 determines that the
image at the current time point is 1n the target in-focus state,
the weight coeflicient w(AT) 1s 1. Thus, the luminance data
Y ,, which 1s calculated by the first restoration processing
section 110, 1s output as the luminance data Y - as 1t 1s.

Thereby, the 1image, which 1s 1n the target in-focus state,
1s subjected to the restoration processing through the first
filter. Accordingly, a degraded image corresponding to the
PSF of the photography lens 12 can be restored to a
high-resolution 1mage. Meanwhile, by changing a time
period from the blurred state to the in-focus state and a
weight at the time of weighted averaging, smoothly con-
nected restored 1mages can be generated.

In the second embodiment, the focusing time period AT,
which will elapse before the amount of defocus Ad enters the
range of the depth of focus, 1s estimated on the basis of the
detected amount of defocus Ad, and thereby the weight
coellicient w(A'T) 1s calculated on the basis of the estimated
focusing time period AT. The method of calculation 1s not
limited to this, and the weight coeflicient w(A'T) correspond-
ing to the detected amount of defocus Ad may be directly
calculated on the basis of the detected amount of defocus Ad.
Consequently, when the detected amount of defocus Ad 1s
smaller, the weight coetlicient w(AT) of the luminance data
Y , 1s larger.

FIG. 13 1s a flowchart illustrating an 1mage processing
method corresponding to the second embodiment. In FIG.
13, the elements the same as those 1n the first embodiment
shown in FIG. 10 will be represented by the same step
numerals and signs, and a detailed description thereof will
be omitted from discussion.

In FIG. 13, if 1t 1s determined that the image at the current
time point 1s not 1n the in-focus state (the amount of defocus
Ad 1s out of the range of the depth of focus) (step S14), the
focusing time estimation section 220 estimates the focusing
time period on the basis of the amount of defocus Ad
(focusing time estimation step), and thereby acquires the
weight coellicient corresponding to the estimated focusing
time period (step S30).

Meanwhile, the first restoration processing section 110
and the second restoration processing section 120 respec-
tively perform the restoration processing on the image at the
current time point (luminance data Y) through the first filter
102 and the second filter 104, and calculate the luminance
data Y , and Y5 (step S32).

The weighted average calculation section 210 calculates
the restored image (luminance data Y ) through Numerical
Expression 2 on the basis of the luminance data Y , and Y,
calculated 1n step S32 and the weight coetlicient acquired 1n

step S30 (step S34).
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<Modification Example of Second Embodiment>

FIG. 14 1s a flowchart illustrating an image processing
method corresponding to a modified example of the second
embodiment. In FIG. 14, the elements the same as those 1n
the second embodiment shown 1n FIG. 13 will be repre-
sented by the same step numerals and signs, and a detailed
description thereof will be omitted from discussion.

The modification example of the second embodiment
shown 1n FIG. 14 1s different from the flowchart shown 1n

FIG. 13 in that steps S40 and S42 are added.

In FIG. 14, 11 1t 1s determined that the image at the current
time point 1s not 1n the in-focus state (the amount of defocus
Ad 1s out of the range of the depth of focus) (step S14), the
in-focus determination section 150 (FIG. 11) determines
whether or not an absolute value |Ad| of the amount of
defocus Ad calculated 1n step S12 1s equal to or less than a
threshold value Th (step S40). Here, for example, the
threshold value Th can be set as the amount of defocus Ad
in a state where the 1image 1s blurred to the extent that the
amount of defocus Ad cannot be accurately calculated.

Subsequently, if the absolute value |Ad| of the amount of
defocus Ad 1s equal to or less than the threshold value Th (1if
“Yes”), the process advances to step S30. In contrast, if the
value 1s greater than the threshold value Th (1t “No”), the
process advances to step S42. In addition, 1n step S40, 1t 1s
possible to advance the process to step S42 even when the
amount of defocus Ad cannot be calculated 1n step S12.

In step S42, the image at the current time point (lumi-
nance data Y) 1s subjected to the restoration processing
through the second filter 104, the luminance data Y, 1s
calculated, and the luminance data Y ; 1s output as a restored
image (luminance data Y ).

As described above, 11 a degree of image blurring 1s large,
the luminance data Y ;, which 1s restored through the second
filter 104, 1s output as 1t 15, without using the luminance data
Y , which 1s restored through the first filter 102. Thereby,
overcorrection 1s prevented from being performed on an
image 1 which a degree of blurring 1s large.

<Third Embodiment>

Next, a third embodiment of the restoration processing
device within the 1mage capture device 10 will be described.

FIG. 15 1s a main section block diagram illustrating the
third embodiment of the restoration processing device. In
FIG. 15, the elements the same as those 1n the first embodi-
ment shown i FIG. 9 will be represented by the same
reference numerals and signs, and a detailed description
thereof will be omitted from discussion.

The restoration processing device of the third embodi-
ment shown 1n FIG. 15 1s different from that of the first
embodiment in an AF processing section 142 and an 1n-
focus determination section 150A.

That 1s, there 1s a difference 1n that the AF processing
section 42 of the first embodiment calculates the amount of
defocus for phase difference AF but the AF processing
section 142 of the third embodiment calculates an AF
evaluation value for contrast AF.

The AF processing section 142 extracts high-frequency
components from an 1image (for example, 1image data of G)
of the AF region through a highpass filter (HPF), and
calculates a sum value (AF evaluation value C) of the
absolute values of the high-frequency components.

The CPU 40 moves the photography lens 12 to a lens
position, at which the AF evaluation value C is a peak value
(the contrast 1s the maximum), through the lens driving
section 36, on the basis of the AF evaluation value which 1s
calculated by the AF processing section 142.
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The contrast AF of the moving image in the process of
image capturing 1s performed as continuous AF in which the
AF evaluation value C 1s constantly a peak value.

As shown m FIG. 16, when the lens position of the
photography lens 12 1s moved, the AF evaluation value C
changes. The contrast AF of the moving image in the process
of 1mage capturing performs so-called hill-climbing control
to control the photography lens 12 (focus lens) such that the
AF evaluation value C is kept constant at the peak position.
In other words, AF evaluation values C of the images of the
moving image are sequentially calculated, and the direction
of the peak value of the AF evaluation values C 1s detected
from the change in the calculated AF evaluation values C.
Then, if the AF evaluation value C acquired while the focus
lens 1s moved 1s greater than the peak value, 1t 1s determined
that the lens position at the peak value 1s the in-focus
position.

The 1in-focus determination section 150A of FIG. 15
inputs the AF evaluation value C from the AF processing
section 142, and determines whether or not the currently
captured 1mage 1s 1n the target in-focus state, on the basis of
whether or not the AF evaluation value C 1s the peak value.
In addition, the in-focus determination section 150A may
acquire information, which indicates whether or not the
currently captured image is 1n the target in-focus state, from
the CPU 40.

Then, the 1n-focus determination section 150A outputs a
selection command signal for selecting the luminance data
Y , of the input A to the selection section 122 1f 1t 1s
determined that the currently captured image 1s 1n the target
in-focus state, and outputs a selection command signal for
selecting the luminance data Y, of the mput B to the
selection section 122 1f 1t 1s determined that the currently
captured 1mage 1s not in the target in-focus state.

As described above, according to the third embodiment,
in a case ol the image which is 1n the target in-focus state
among the successively captured images in the moving
image photography mode, the image (luminance data Y ),
which 1s restored through the first filter 102, 1s output. In a
case of the image which 1s not in the in-focus state, the
image (luminance data Y ), which 1s restored through the
second filter 104, can be output.

FIG. 17 1s a flowchart illustrating an 1mage processing
method corresponding to the third embodiment. In FIG. 17,
the elements the same as those in the first embodiment
shown in FIG. 10 will be represented by the same step
numerals and signs, and a detailed description thereof will
be omitted from discussion.

The 1mage processing method corresponding to the third
embodiment shown i FIG. 17 1s different in that the
processes ol steps S50 and S52 are performed instead of
steps S12 and S14 1n the first embodiment shown in FIG. 10.

In step S50, the AF processing section 142 extracts
high-frequency components from the 1mage of the AF region
in one frame (image corresponding to one frame) of the
moving 1image acquired in step S10, and calculates the AF
evaluation value C which 1s obtained by summing up the
absolute values of the high-frequency components.

Subsequently, 1 step S52, the in-focus determination
section 150A determines whether or not the currently cap-
tured 1image 1s in the target in-focus state, on the basis of
determination as to whether or not the current AF evaluation
value C 1s the peak value, on the basis of the AF evaluation
values C sequentially calculated.

Then, 11 1t 1s determined that the 1image as a restoration
target at the current time point 1s 1n the target in-focus state,
the process advances to step S16, and the image at the
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current time point 1s subjected to the restoration processing
through the first filter 102. In contrast, 11 1t 1s determined that
the 1mage 1s not in the target in-focus state, the process
advances to step S18, and the 1mage at the current time point
1s subjected to the restoration processing through the second

filter 104.

<Fourth Embodiment>

Next, a fourth embodiment of the restoration processing
device within the 1image capture device 10 will be described.

FIG. 18 1s a main section block diagram illustrating the
fourth embodiment of the restoration processing device. In
FIG. 18, the elements the same as those in the second
embodiment shown 1 FIG. 11 will be represented by the
same reference numerals and signs, and a detailed descrip-
tion thereof will be omitted from discussion.

The restoration processing device of the fourth embodi-
ment shown in FIG. 18 1s different 1n that 1t has an AF
processing section 142, an in-focus determination section
150B, and a focusing time estimation section 220B, instead
of the AF processing section 42, the in-focus determination
section 150, and the focusing time estimation section 220 of
the second embodiment.

In a manner similar to that of the third embodiment of
FIG. 15, the AF processing section 142 extracts high-
frequency components from the images of the AF regions of
the 1mages of the moving 1image, calculates the AF evalua-
tion values C for the contrast AF, and outputs the calculated
AF evaluation values C to each of the in-focus determination
section 1508 and the focusing time estimation section 220B.

The m-focus determination section 150B determines
whether or not the AF evaluation value C 1s the peak value
(whether or not the currently captured 1mage 1s focused) on
the basis of the AF evaluation values C which are input from
the AF processing section 142, and outputs the determina-
tion result to the focusing time estimation section 220B.

The focusing time estimation section 220B 1s operable it
the in-focus determination section 150B determines that the
image at the current time point 1s not 1n the target in-focus
state, and estimates a time period (focusing time period),
which will elapse belore the AF evaluation value C reaches
a first threshold value Thl set to correspond to the target
in-focus state, on the basis of the AF evaluation values C
which are sequentially input from the AF processing section
142.

For example, as shown 1 FIG. 19, assuming that a time
at which the previous AF evaluation value C was calculated
1s t0 and a current time at which the current AF evaluation
value C 1s calculated 1s t, the amount of change in the AF
evaluation value C for the time 1nterval At between the times
t0 and t 1s calculated. Then, a time period AT (=t1-t), which
will elapse betfore the AF evaluation value C reaches the first
threshold value Thl of the AF evaluation value that 1s set to
correspond to the target in-focus state, 1s estimated from the
amount of change in the AF evaluation value C during the
time 1nterval At.

Here, as the first threshold value Thl, for example, it 1s
possible to employ the AF evaluation value obtained when
a general photographic subject 1s 1n focus. In addition, the
AF evaluation value in the in-focus state changes depending
on the magnmitude of contrast of the photographic subject, the
photography conditions, and the like. Accordingly, 1t 1s
preferable that the first threshold value Thl 1s set 1n accor-
dance with the current photography scene (a portrait mode,
a landscape mode, or the like selected by scene selection
means) and the photography conditions (the photographic
subject luminance, the zoom ratio, and the like).
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The focusing time estimation section 220B estimates the
focusing time period AT, which will elapse before the AF
evaluation value C reaches the first threshold value Thl that
1s set to correspond to the target in-focus state, on the basis
of the amount of change in the AF evaluation value C during
the time 1nterval At, and outputs a weight coeflicient w(AT)
corresponding to the estimated focusing time period AT to
the weighted average calculation section 210.

The weighted average calculation section 210 calculates a
weighted average value (luminance data Y ) through the
above-mentioned Numerical Expression 2, on the basis of
the luminance data Y , calculated by the first restoration
processing section 110, the luminance data Y ; calculated by
the second restoration processing section 120, and the
weight coellicient w(AT) which 1s mput from the focusing
time estimation section 220B, and outputs the calculated
luminance data Y ..

Thereby, the 1image, which 1s 1n the target in-focus state,
1s subjected to the restoration processing through the first
filter. Accordingly, a degraded 1image corresponding to the
PSF of the photography lens 12 can be restored to a
high-resolution image. Meanwhile, by changing a time
period from the blurred state to the in-focus state and a
welght at the time of weighted averaging, smoothly con-
nected restored 1images can be generated.

If the AF evaluation value C reaches the peak value before
it reaches the first threshold value Thl, priority 1s given to
the determination result of the in-focus determination sec-
tion 1508, and the luminance data Y , calculated by the first
restoration processing section 110 1s output as the luminance
data Y .. Further, 1f the AF evaluation value C 1s greater than
the first threshold value Thl, the luminance data Y , 1s also
output as the luminance data Y ..

FIG. 20 1s a flowchart illustrating an 1image processing,
method corresponding to the fourth embodiment. In FIG. 20,
the elements the same as those 1n the third embodiment
shown in FIG. 17 will be represented by the same step

numerals and signs, and a detailed description thereot will
be omitted from discussion.

The image processing method corresponding to the fourth
embodiment shown in FIG. 20 1s different in that the
processes of steps S60, S62, and S64 are performed instead
of step S18 shown 1n FIG. 17.

In step S52, if 1t 1s determined that the 1image at the current
time point 1s not in the in-focus state (the AF evaluation
value C 1s not the peak value), the focusing time estimation
section 220B estimates the focusing time period on the basis
of the amount of change in the AF evaluation value C and
first threshold value Thl, and acquires a weight coetlicient
corresponding to the estimated focusing time period (step
S60).

Meanwhile, the first restoration processing section 110
and the second restoration processing section 120 respec-
tively perform the restoration processing on the image at the
current time point (luminance data Y) through the first filter
102 and the second filter 104, and calculate the luminance
data Y , and Y, (step S62).

The weighted average calculation section 210 calculates
the restored 1image (luminance data Y ) through Numerical
Expression 2 on the basis of the luminance data Y , and Y,
calculated 1n step S62 and the weight coetlicient acquired 1n
step S60 (step S64).

FIG. 21 1s a flowchart illustrating an 1image processing,
method corresponding to a modified example of the fourth
embodiment. In FIG. 21, the elements the same as those 1n
the fourth embodiment shown in FIG. 20 will be represented
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by the same step numerals and signs, and a detailed descrip-
tion thereof will be omitted from discussion.

The modification example of the fourth embodiment

shown 1n FIG. 21 1s different from the tlowchart shown 1n
FIG. 20 1n that steps S70 and S72 are added.

In FIG. 21, 1f 1t 1s determined that the image at the current
time point 1s not 1n the n-focus state (the AF evaluation
value C 1s not the peak value) (step S52), the in-focus
determination section 150B (FIG. 18) determines whether or

not the AF evaluation value C calculated in step S50 1s equal
to or greater than a second threshold value Th2 (step S70).

Here, as shown 1n FIG. 22, the second threshold value Th2

1s, for example, a sutliciently low value of the AF evaluation
value C, for example, an AF evaluation value C 1n a state
where a degree of blurring of the image 1s large.

Then, 11 the AF evaluation value C 1s equal to or greater
than the second threshold value Th2 (if “Yes”), the process
advances to step S60. In contrast, 1f the AF evaluation value
C 1s less than the second threshold value Th2 (if “No™), the
process advances to step S72.

In step S72, the image at the current time point (lumi-
nance data Y) 1s subjected to the restoration processing
through the second filter 104, the luminance data Y, 1s
calculated, and the luminance data Y 5 1s output as a restored
image (luminance data Y ).

As described above, if a degree of image blurring 1s large,
the luminance data Y ,, which 1s restored through the second
filter 104, 1s output as 1t 1s, without using the luminance data
Y , which 1s restored through the first filter 102. Thereby,
overcorrection 1s prevented from being performed on an
image 1 which a degree of blurring 1s large.

<Fiith Embodiment>

Next, a fifth embodiment of the restoration processing
device within the 1image capture device 10 will be described.

FIG. 23 1s a main section block diagram illustrating the
fifth embodiment of the restoration processing device. In
FI1G. 23, the elements the same as those in the second
embodiment shown 1 FIG. 11 will be represented by the
same reference numerals and signs, and a detailed descrip-
tion thereof will be omitted from discussion.

The restoration processing device of the fifth embodiment
shown 1n FIG. 23 mainly includes: a restoration processing
section 300 which 1s a modification example of the resto-
ration processing section 100 mainly shown in FIG. 7; the
first filter acquisition section 130; the second filter acquisi-
tion section 140; an in-focus determination section 150C;
and a focusing time estimation section 220C.

The restoration processing section 300 further includes
the {first restoration processing section 110, the second
restoration processing section 120, a third restoration pro-
cessing section 310, a thard filter calculation section 320, and
a selection section 330.

The fifth embodiment i1s different from the second
embodiment 1in that a new third filter 1s calculated mainly
using the first filter 102 and the second filter 104 and third
restoration processing 1s performed using the calculated
third filter.

In FIG. 23, the focusing time estimation section 220C 1s
operable 1f the in-focus determination section 150C deter-
mines that the image at the current time point 1s not 1n the
target in-focus state, and estimates the focusing time, at
which the amount of defocus enters the range of the depth
of focus, on the basis of the amount of defocus which 1s
input from the AF processing section 42. Then, on the basis
of the focusing time estimated as the current time, the weight
coellicient 1s calculated.
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Here, assuming that the previous time at which the third
filter was calculated 1s t0, the current time 1s t (t>10), and the
estimated focusing time 1s tl, a variable r (O=r=1) repre-
sented by the following expression 1s calculated.

r=(1-10)/(11-10) [Numerical Expression 3]

Then, a weight coellicient W(r) 1s calculated through an
arbitrary monotomcally increasing function (for example,
W1, W2, or W3 shown 1n FIG. 24) and the vanable r. As
shown in FIG. 24, the weight coeflicient W(r) satisfies
W(0)=0 and W(1)=1.

The focusing time estimation section 220C calculates the
weight coeflicient W(r) on the basis of the estimated focus-
ing time t1 or the like as described above, and outputs the
weight coellicient W(r) to the third filter calculation section
320.

The first filter 102 and the second filter 104 are respec-
tively added to the third filter calculation section 320 from
the first filter acquisition section 130 and the second filter
acquisition section 140. The third filter calculation section
320 calculates a third filter X(t) through the following

expression on the basis of the first filter 102, the second filter
104, and the weight coetlicient W(r).

X()=(1-W(r))xX(10)+ W(r)xf [Numerical Expression 4]

In Numerical Expression 4, assuming that the X(t0) 1s a
third filter at the previous time t0 and the second filter 104
acquired from the second filter acquisition section 140 1s A,
a third filter X(0) at the first time 1s A (X(0)=A). Further, F
1s the first filter which 1s acquired by the first filter acqui-
sition section 130 and corresponds to the photography
conditions of the optical system at the estimated focusing
time t1.

As can be clearly seen from the above-mentioned
Numerical Expression 3 and Numerical Expression 4, the
variable r and the weight coeflicient W(r) gradually become
close to 1 1n accordance with the elapse of the time period
for the AF control. As a result, the third filter X(t) becomes
gradually closer to the first filter 102 from the second filter
104.

The third restoration processing section 310 1s a section
that performs the restoration processing on the luminance
data Y added from the RGB/YC conversion section 62, and
the third filter X(t), which 1s calculated by the third filter
calculation section 320 as described above, 1s added to other
inputs. Then, the third restoration processing section 310
performs convolution on luminance data having a kernel
s1ze of 7x7 including the luminance data Y of the restoration
processing target and the third filter X(t) which 1s input from
the third filter calculation section 320, and outputs the
luminance data Y . as a result of the convolution to an mput
C of the selection section 330.

The selection section 330 selects and outputs any one of
the luminance dataY ,, Y,, and Y . added to the inputs A, B,
and C, on the basis of a selection command signal which 1s
output from the in-focus determination section 150C.

The 1n-focus determination section 150C 1nputs the
amount of defocus Ad from the AF processing section 42,
and determines whether or not the amount of defocus Ad 1s
in the range of the depth of focus and whether or not the
absolute value of the amount of defocus Ad 1s greater than
the threshold wvalue Th. Then, the in-focus determination
section 150C outputs a selection command signal for select-
ing the luminance data Y , of the mput A to the selection
section 330 1f it 1s determined that the currently captured
image 1s 1n the target in-focus state, outputs a selection
command signal for selecting the luminance data Y 5 of the
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input B to the selection section 330 if 1t 1s determined that
the absolute value of the amount of defocus Ad i1s greater
than the threshold value Th, and otherwise outputs a selec-
tion command signal for selecting the luminance data Y - of
the mput C to the selection section 330.

That 1s, in the fifth embodiment of the restoration pro-
cessing device, 1n a case of the image which 1s 1n the target
in-focus state among the successively captured images in the
moving 1mage photography mode, the image (luminance
data Y ,), which 1s restored through the first filter 102, 1s
output. In a case of the image 1n which a degree of blurring
1s large, the 1image (luminance data Y z), which 1s restored
through the second filter 104, 1s output. Otherwise, the
image (luminance data Y ), which 1s restored through the
third filter generated from the second filter 104 and the first
filter 102, 1s output.

Thereby, the 1mage, which 1s 1n the target in-focus state,
1s subjected to the restoration processing through the first
filter. Accordingly, a degraded 1image corresponding to the
PSF of the photography lens 12 can be restored to a
high-resolution 1mage. In contrast, the image, 1n which a
degree of blurring 1s large, 1s subjected to the restoration
processing through the second filter of which the restoration
strength 1s weak. Accordingly, image quality 1s not lowered
through overcorrection and the like. Further, in accordance
with the in-focus state, 1t 1s possible to perform the resto-
ration processing of smoothly connecting high-resolution
1mages.

The third filter calculation section 320 1s not limited to the
case of calculating the third filter for each 1mage, and may
calculate the third filter whenever a plurality of 1images 1s
acquired. In this case, until the third filter calculation section
320 calculates the next third filter, the third restoration
processing section 310 uses the previously calculated third
filter 1n the restoration processing of the plurality of images.

The weight coellicient W(r) represented by Numerical
Expression 4 1s set as a function of the varniable r corre-
sponding to the focusing time t1 estimated through Numeri-
cal Expression 3. However, the weight coeflicient W(r) 1s not
limited to this, and may be set as a function corresponding
to the detected amount of defocus Ad. Consequently, when
the detected amount of defocus Ad 1s set to be smaller, the
weight coetlicient W(r) 1s set to be larger.

FIG. 25 1s a tflowchart illustrating an 1mage processing,
method corresponding to the fifth embodiment. In FIG. 25,
the elements the same as those in the modification example
of the second embodiment shown in FIG. 14 will be repre-
sented by the same step numerals and signs, and a detailed
description thereof will be omitted from discussion.

In FIG. 25, if the in-focus determination section 150C
(FIG. 23) determines that the 1n-focus state of the current
image 1s not the target in-focus state and the absolute value
|Ad| of the amount of defocus Ad 1s equal to or less than the
threshold value Th, on the basis of the amount of defocus Ad
calculated 1n step S12 (step S14, S40), the process advances
to step S80.

In step S80, the focusing time estimation section 220C
estimates the focusing time t1. Subsequently, the third filter
calculation section 320 calculates the third filter (step S90).

FI1G. 26 1llustrates processing contents 1n step S90.

First, the previously used third filter X(t) at the previous
time 10 1s set as X(t0) (step S92). In addition, the nitially
used third filter X(0) 1s the second filter 104.

Next, the weight coeflicient W(r) 1s calculated on the basis
of the estimated focusing time t1, the current time t, and the
like 1n step S90 (step S94). The weight coeflicient W(r) 1s,
as shown 1 FIG. 24, a weight coeflicient 1n the range of
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0=W(r)=1, and 1s a weight coetlicient which becomes closer
to 1 when the current time t becomes closer to the estimated
focusing time t1.

Next, the currently used third filter X(t) 1s calculated
through the above-mentioned Numerical Expression 4 on
the basis of the third filter X(t0) which 1s set in step S92, the
weilght coellicient W(r) calculated 1n step S94, and the first
filter F (step S96). In addition, 1t 1s preferable that, as the
used first filter F, the first filter corresponding to the pho-
tography conditions of the estimated focusing time tl1 1s
used.

When calculation of the third filter X(t) 1s completed, the
third restoration processing section 310 performs the resto-
ration processing on the image at the current time point
(luminance data Y), on the basis of the third filter X(t), and
outputs the image (luminance data Y ) subjected to the
restoration processing (FI1G. 25, step S100).

<Si1xth Embodiment>

Next, a sixth embodiment of the restoration processing
device within the image capture device 10 will be described.

FIG. 27 1s a main section block diagram illustrating the
sixth embodiment of the restoration processing device. In
FI1G. 27, the elements the same as those 1n the third embodi-
ment shown 1 FIG. 15 will be represented by the same
reference numerals and signs, and a detailed description
thereol will be omitted from discussion.

The restoration processing device of the sixth embodi-
ment shown 1n FIG. 27 1s different from that of the third
embodiment 1n that 1t performs processing in the course of
displaying a live view 1mage 1n the still image photography
mode.

At the time of capturing the live view 1mage in the still
image photography mode, normally, the AF operation 1s
stopped. In addition, there 1s also a camera that performs the
continuous AF even in the course of 1mage capturing of the
live view 1mage, but in the sixth embodiment, the AF
operation 1s stopped at the time of capturing the live view
image.

At the time of capturing the live view 1mage in the still
image photography mode, the CPU 40 starts the contrast AF
when the shutter button 2 (photography preparation instruc-
tion section) 1s “pressed haltway” (S1 ON).

Next, the contrast AF 1n the still image photography mode
will be described with reference to FIG. 28.

As shown 1 FIG. 28, the CPU 40 outputs a lens move-
ment command to move (perform AF search) the focus lens
from the infinity side (INF) to the closest end when the
shutter button 2 1s “pressed haltway™.

The CPU 40 acquires the AF evaluation value, which 1s
calculated for each predetermined 1image 1n the course of the
AF search, from the AF processing section 142, and calcu-
lates the lens position (in-focus position) at which the AF
evaluation value 1s a peak value, on the basis of each AF
evaluation value and each lens position. Then, the CPU 40
outputs the lens position command to move the focus lens to
the calculated 1n-focus position, and moves the focus lens to
the 1n-focus position.

As described above, when the AF control 1s completed,
the focus lens 1s stopped at the in-focus position as long as
the shutter button 2 1s “pressed haltway™.

An AF termination determination section 40A within the
CPU 40 determines whether or not the AF control 1s com-
pleted as described above and the focus lens 1s held at the
in-focus position, and outputs the determination result to the
selection section 122. That 1s, the AF termination determi-
nation section 40A outputs the selection command signal to
select the luminance data Y ; of the input B to the selection
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section 122 if the control 1s not completed, and, outputs the
selection command signal to select the luminance data’Y , of
the 1nput A to the selection section 122 1f the AF control 1s
completed and the focus lens 1s held at the 1n-focus position.

The selection section 122 selects and outputs either one of 5
the luminance data Y , and Y ; added to the inputs A and B,
on the basis of a selection command signal which 1s output
from the AF termination determination section 40A.

That 1s, 1n the sixth embodiment of the restoration pro-
cessing device, among the successively captured images 1 10
the still image photography mode, the luminance data Y 5 1s
output 1f the shutter button 2 1s not operated, and the
luminance data Y , 1s output i1f the shutter button 2 1is
“pressed haltway™ and thereby the AF control 1s completed.

Thereby, the 1mage, on which the AF control has been 15
completed, 1s subjected to the restoration processing through
the first filter. Accordingly, a degraded 1image corresponding
to the PSF of the photography lens 12 can be restored to a
high-resolution 1mage. In contrast, the image, on which the
AF control 1s not performed, or the 1mage, on which the AF 20
control has not been completed, 1s subjected to the restora-
tion processing through the second filter of which the
restoration strength 1s weak. Accordingly, image quality 1s
not lowered through overcorrection and the like.

FIG. 29 1s a flowchart illustrating an image processing 25
method corresponding to the sixth embodiment.

As shown in FIG. 29, in the still image photography
mode, the CPU 40 drives the photography lens 12, the
diaphragm 14, and the image capture element 16 (1mage
capture section) such that a live view 1mage (moving 1mage) 30
1s captured, and acquires one frame (1mage corresponding to
one frame) of the moving 1mage (step S102).

Subsequently, the CPU 40 determines whether or not the
shutter button 2 1s “pressed haltway™ (51 ON) (step S104),
and advances the process to step S106 i1 the shutter button 35
2 15 not “pressed haltway”. In step S106, the second resto-
ration processing section 120 performs the restoration pro-
cessing using the second filter 104. Here, the restored image
1s output to the liquid crystal monitor 30, and 1s displayed as
a live view 1mage (step S114). 40

In contrast, 1f the shutter button 2 1s “pressed halfway™,
the process advances to step S108, and the contrast AF 1s
performed. Subsequently, the AF termination determination
section 40A determines whether or not the contrast AF 1s
completed, advances the process to step S106 11 the contrast 45
AF 1s not completed, and advances the process to step S112
if the contrast AF 1s completed.

In step S112, the first restoration processing section 110
performs the restoration processing using the first filter 102.
The restored image 1s output to the liquid crystal monitor 30, 50
and 1s displayed as a live view 1mage (step S114).

As described above, 1n the course of displaying the live
view 1mage, 1t 1s determined whether or not the shutter
button 2 1s “pressed fully” (82 ON) (step S116). If the shutter
button 2 1s not “pressed fully”, the process advances to step 55
5102, and the processes of steps S102 to S116 are repeated.

In contrast, 1f the shutter button 2 1s “pressed fully”, the still
image 1s acquired (step S118), and the first restoration
processing section 110 performs the restoration processing
on the acquired still image through the first filter 102 (step 60
S5120).

The still image, which 1s restored to a high-resolution
image, undergoes compression processing and the like, and
1s thereafter recorded 1n the memory card 54 (step S122),
and the image capturing of the still image i1s terminated. 65

The mmage capture device 10 of the embodiment 1s a
digital camera that has a moving image capture function and
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a still image capture function, but the present invention may
be applied to a digital video camera. Further, embodiments,
to which the present invention can be applied, are not limited
to a digital camera and a digital video camera. The present
invention also can be applied to not only cameras that
mainly have an image capture function but also mobile
equipment that has not only the 1mage capture function but
also functions (a phone call function, a communication
function, and other computer functions) other than the image
capture fTunction. Examples of the embodiments, to which
the present invention can be applied, include a mobile phone
having a camera function, a smartphone, a personal digital
assistant (PDA), and a portable game machine. Heremafter,
an example of a smartphone, to which the present invention
1s applicable, will be described.

For example, 1n some 1mage capture devices such as a
portable 1mage capture device like a smartphone to be
described later, the photography preparation instruction sec-
tion and the image recording instruction section are not
limited to the stroke-type switch which operates 1n a manner
of having two steps which are “pressing haltway” and
“pressing fully” like the shutter button 2. Each instruction
section may be a section that has a function of receiving the
photography preparation instruction or a function of receiv-
ing the image recording mstruction. In addition, the mstruc-
tion section may have other buttons, may have another
section for receiving touch input operations, and may be
configured to receive a photography preparation 1nstruction
or an 1mage recording instruction through a sound input, a
gaze input, or the like.

<Configuration of Smartphone>

FIG. 30 1s a perspective view 1llustrating an appearance of
a smartphone 500 which 1s another embodiment of the
image capture device 10. The smartphone 500 shown in FIG.
30 includes: a casing 502 that has a tlat plate shape; a display
panel 521 as a display section on one side of the casing 502;
and a display mput section 520 into which an operation
panel 522 as an input section 1s integrated. Further, the
casing 502 includes a speaker 531, a microphone 3532,
operation sections 540, and a camera section 541. In addi-
tion, the configuration of the casing 502 1s not limited to this.
For example, 1t may be possible to adopt a configuration 1n
which the input section and the display section each are
independent, or it may be possible to adopt a configuration

having a slide mechanism or a folded structure.

FIG. 31 1s a block diagram 1llustrating a configuration of
the smartphone 500 shown 1n FIG. 30. As shown 1n FIG. 31,
the smartphone 500 includes, as main components, a wire-
less communication section 510, a display input section 520,
a speech section 530, the operation sections 340, the camera
section 541, a storage section 550, an external input/output
section 560, a global positioning system (GPS) receiver 370,
a motion sensor section 580, a power supply section 590,
and a main control section 501. As the main function of the
smartphone 500, there 1s provided a wireless communication
function for performing mobile wireless communication
with a base station device BS through a mobile communi-
cation network NW.

The wireless communication section 510 performs wire-
less communication with the base station device BS, which
1s 1ncluded in the mobile communication network NW, 1n
accordance with an 1nstruction of the main control section
501. Using this wireless communication, various kinds of
file data such as audio data and 1image data, e-mail data, and
the like are transmitted and received, and web data, stream-
ing data, and the like are received.
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The display 1nput section 520 1s a so-called touch panel,
and includes the display panel 521 and the operation panel
522. The touch panel displays image (still image and moving
image) mformation, text information, or the like so as to
visually transter the information to a user i accordance with
control of the main control section 501, and detects a user
operation on the displayed information.

The display panel 521 uses a liquid crystal display (LCD),
an organic electro-luminescence display (OELD), or the like
as a display device.

The operation panel 522 1s a device that 1s provided for
viewing an image which 1s displayed on a display screen of
the display panel 521 and that detects a single pair of
coordinates or a plurality of pairs of coordinates at which an
operation 1s performed by a user’s finger or a stylus. When
such a device 1s operated by a user’s finger or a stylus, the
device outputs a detection signal, which 1s generated due to
the operation, to the main control section 501. Subsequently,
the main control section 501 detects the coordinates as an
operation position on the display panel 521, on the basis of
the received detection signal.

As shown i FIG. 30, the display panel 521 and the
operation panel 522 of the smartphone 500 are integrated to
constitute the display mput section 520. However, the opera-
tion panel 522 1s disposed to completely cover the display
panel 521. When this arrangement 1s adopted, the operation
panel 522 may have a function of also detecting a user
operation 1n a region outside the display panel 521. In other
words, the operation panel 522 may include a detection
region (hereinatiter referred to as a display region) for a part
which overlaps with the display panel 521 and a detection
region (heremafter referred to as a non-display region) for
the other part at the outer edge which does not overlap with
the display panel 521.

A size of the display region and a size of the display panel
521 may completely coincide with each other, but it 1s not
always necessary for both to coincide with each other.
Further, the operation panel 522 may include two sensing
regions of the outer edge part and the other inside part.
Furthermore, a width of the outer edge part 1s appropnately
designed depending on a size of the casing 502 and the like.
In addition, examples of the position detection method
adopted by the operation panel 522 may include a matrix
switch method, a resistance film method, a surface elastic
wave method, an infrared method, an electromagnetic induc-
tion method, and an electrostatic capacitance method, and
the like, and any method may be adopted.

The speech section 530 includes a speaker 531 and a
microphone 532. The speech section 330 1s able to convert
a sound of a user, which 1s input through the microphone
532, into sound data, which can be processed 1n the main
control section 501, and output the data to the main control

section 501, and decodes sound data, which 1s received by
the wireless communication section 510 or the external
input/output section 560, and outputs the data from the
speaker 531. Further, as shown 1n FIG. 30, for example, the
speaker 5331 can be mounted on the same surface as the
surface on which the display mput section 520 1s provided.
Further, the microphone 532 can be mounted on a side
surface of the casing 502.

The operation section 540 1s a hardware key using a key
switch or the like, and receives an instruction from a user.
For example, the operation sections 540 are pressing button
type switches which are mounted on the lower side surface
of the lower part of the casing 502 of the smartphone 500.
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Each switch 1s turned on 11 1t 1s pressed by a finger or the
like, and 1s turned off due to a restoring force of a spring 1f

the finger 1s released.

The storage section 350 stores a control program and
control data of the main control section 501, the first filter
according to the present invention, address data in which
names, phone numbers, and the like of commumication
partners are associated, recerved and transmitted e-mail data,
web data which 1s downloaded by web browsing, and
downloaded contents data, and temporarly stores streaming
data and the like. Further, the storage section 550 1s consti-
tuted of an internal storage section 551, which 1s built mto
the smartphone, and an external storage section 552 which
has a removable external memory slot. In addition, each of
the internal storage section 351 and the external storage
section 532 constituting the storage section 350 1s 1mple-
mented by using a storage medium such as a flash memory
type, a hard disk type, a multimedia card micro type, a card
type memory (such as a Micro SD (registered trademark)
memory), a random access memory (RAM), or a read only
memory (ROM).

The external input/output section 560 has a function of an
interface with all external devices connected to the smart-
phone 500. The external input/output section 560 1s for
communication (such as umiversal serial bus (USB) or
IEEE1394) with other external devices, direct or indirect
connection to networks (such as the Internet, wireless LAN,
Bluetooth (registered trademark), radio frequency identifi-
cation (RFID), infrared communication (Infrared Data Asso-
ciation: IrDA) (registered trademark), ultra wideband
(UWB) (registered trademark), and ZigBee (registered
trademark)), or the like.

Examples of the external devices connected to the smart-
phone 300 include a wired/wireless headset, a wired/wire-
less external charger, a wired/wireless data port, a memory
card which 1s connected through a card socket, a subscriber
identity module (SIM) or user 1dentity module (UIM) card,
external audio and video devices which are connected
through audio and video input/output (I/0) terminals, exter-
nal audio and wvideo devices which are connected 1n a
wireless manner, a smartphone which 1s connected 1 a
wired or wireless manner, a personal computer which 1s
connected 1n a wired or wireless manner, a PDA which 1s
connected 1n a wired or wireless manner, earphones, and the
like. The external input/output section 1s able to transier the
data, which 1s transmitted from such external devices, to the
components within the smartphone 500, and to transmit the
data within the smartphone 500 to the external devices.

The GPS receiver 570 receives a plurality of GPS signals,
which are transmitted from GPS satellites ST1 to STn, 1n
accordance with instructions of the main control section
501, executes positioming calculation processing based on
the received GPS signals, and detects a position formed of
a latitude, a longitude, and an altitude of the smartphone
500. The GPS recerver 570 may detect the position by using
position 1nformation when 1t 1s possible to acquire the
position information from the wireless communication sec-
tion 3510 or the external mput/output section 560 (for
example, wireless LAN).

The motion sensor section 580 includes, for example, a
triaxial acceleration sensor, and detects physical movement
of the smartphone 500, in accordance with an istruction of
the main control section 501. By detecting physical move-
ment of the smartphone 500, an acceleration and a direction
of the movement of the smartphone 500 are detected. This
detection result 1s output to the main control section 501.
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The power supply section 390 supplies the respective
sections of the smartphone 500 with electric power, which 1s
stored 1 a battery (not shown), in accordance with an
instruction of the main control section 501.

The main control section 501 includes a micro processor,
and 1ntegrally controls the respective sections of the smart-
phone 3500 by performing an operation on the basis of
control data or a control program stored in the storage
section 550. Further, the main control section 501 has an
application processing function and a mobile communica-
tion control function of controlling the respective sections of
a communication system in order to perform data commu-
nication and sound communication through the wireless
communication section 3510.

The application processing function 1s implemented by an
operation of the main control section 501 using application
soltware stored 1n the storage section 350. Examples of the
application processing function include: an infrared com-
munication function of performing data commumnication
with other devices by controlling the external input/output
section 560; an e-mail function of transmitting and receiving
¢-mails; a web browsing function of browsing web pages;
and the like.

The main control section 501 has an 1mage processing
function of displaying a video on the display mput section
520 and the like, on the basis of 1mage data (still image and
moving 1image data) such as received data and downloaded
streaming data. The image processing function means a
function of causing the main control section 501 to decode
the image data, apply image processing to the corresponding
decoding result, and display an image on the display 1nput
section 520.

The main control section 501 executes display control for
the display panel 521 and operation detection control to
detect the user operation through the operation sections 540
and the operation panel 522.

Through execution of the display control, the main con-
trol section 501 displays an icon for activating application
software and a window for displaying a software key such
as a scroll bar or creating an e-mail. In addition, the scroll
bar means a software key for receirving an instruction to
move a display portion of an 1image on a large 1image which
cannot be entirely shown in the display region of the display
panel 521.

Through execution of the operation detection control, the
main control section 501 detects the user operation per-
tormed through the operation section 340, receives an opera-
tion performed on the icon or a text mput performed in an
input field of the window through the operation panel 522,
or recerves a request to scroll a displayed image through the
scroll bar.

The main control section 501 has a touch panel control
function performed through execution of the operation
detection control. The function determines whether the
operation position of the operation panel 522 1s in the
overlapping part (display region) which overlaps with the
display panel 521 or the other part (non-display region) at
the outer edge which does not overlap with the display panel
521, and controls the display position of the software key or
the sensing region ol the operation panel 522.

The main control section 501 may detect a gesture opera-
tion performed on the operation panel 5322, and may execute
a preset function 1n response to the detected gesture opera-
tion. The gesture operation 1s not a simple touch operation
used in the past. The gesture operation means an operation
tor drawing a locus with a finger or the like, an operation of
specilying a plurality of positions at the same time, or an
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operation of drawing loci from a plurality of positions to at
least one position as a combination of the above-mentioned
operations.

The camera section 541 1s a digital camera for performing,
clectronic photography by using the 1mage capture element
such as a complementary metal oxide semiconductor
(CMOS) or a charge-coupled device (CCD). The above-
mentioned 1mage capture device 10 can be applied to the
camera section 541.

Under the control of the main control section 501, the
camera section 541 1s able to convert the image data, which
1s obtained through 1mage capturing, into compressed 1mage
data such as data of a joint photographic coding experts
group (JPEG), and to record the data 1n the storage section
5350 and to output the data through the external input/output
section 360 or the wireless communication section 510. In
the smartphone 500 shown 1n FIG. 30, the camera section
541 1s mounted on the same side as the display input section
520. However, the mounting position of the camera section
541 1s not limited to this. The camera section 541 may be
mounted on the rear side of the display mput section 520, or
a plurality of camera sections 341 may be mounted. In
addition, in the case where a plurality of camera sections 541
1s mounted, photography may be performed using a single
camera section 541 by switching the camera section 541 for
the photography, or photography may be performed using
the plurality of camera sections 541 at the same time.

The camera section 541 can be used in various functions
of the smartphone 500. For example, an image, which 1s
acquired by the camera section 341, can be displayed on the
display panel 521, and an image of the camera section 541
as one of the operation inputs of the operation panel 522 can
be used. Further, when the GPS receiver 570 detects a
position, the GPS recerver 570 may detect the position with
reference to the image acquired from the camera section
541. Furthermore, 1t may be possible to determine a direc-
tion ol an optical axis of the camera section 541 of the
smartphone 500 or determine a current user environment,
using the GPS receiver 570 in a combination with the triaxial
acceleration sensor or without using the triaxial acceleration
sensor, with reference to the image acquired from the camera

section 541. Needless to say, the image acquired from the
camera section 341 may be used in the application software.

[Others]

In the image capture device 10 of the embodiment, the
first filters 102, which are generated corresponding to the
point spread functlon (PSFE) of the photography lens 12, are
stored 1n the ROM 47, and the appropriate first filter 102 1s
read from the ROM 47. However, the present invention 1s
not limited to this, the PSF and the like may be stored, and
the first filter may be generated from the PSF and the like in
the 1mage capture device.

In this embodiment, the restoration processing 1s per-
formed on the luminance data. However, the present inven-
tion 1s not limited to this, and the restoration processing may
be performed using the first and second filters corresponding
to the respective colors for each image data of each color of
RGB.

The photography lens 12 1s formed as a collapsible zoom
lens, but may be a single focus lens, and may be an
interchangeable lens that 1s detachable from the camera
main body. In the case of the interchangeable lens, the
restoration filter of the interchangeable lens, the PSFE, and the
like may be acquired through communication with the
interchangeable lens.
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It 1s apparent that the present invention 1s not limited to
the above-mentioned embodiments, and may be modified

into various forms without departing from the scope of the
present ivention.

EXPLANAIION OF REFERENC.

L]
)

2: shutter button

10: 1mage capture device

12: photography lens

16: 1mage capture element

24: 1mage processing section

30: liguid crystal monitor

40: CPU

40A: AF termination determination section
42, 142: AF processing section

47. ROM

60: demosaic processing section

62: RGB/YC conversion section

100, 200, 300: restoration processing section
110: first restoration processing section

120: second restoration processing section
122, 330: selection section

130: first filter acquisition section

140: second filter acquisition section

150, 150A, 150B, 150C: 1in-focus determination section
210: weighted average calculation section
220, 220A, 220C: focusing time estimation section
310: third restoration processing section
320: third filter calculation section

500: smartphone

What 1s claimed 1s:

1. An 1mage capture device comprising:

an 1mage capture circuit that successively captures
1mages;

an auto focus adjustment circuit that automatically per-
forms focus adjustment on the 1mages which are suc-
cessively captured by the image capture circuit;

a first filter acquisition circuit that acquires a first filter as
a restoration filter which 1s generated corresponding to
a point spread function of an optical system of the
image capture circuit;

a second filter acquisition circuit that acquires a second
filter which 1s a zero phase filter and 1s applied to a
defocused 1image of the 1mages successively captured
by the 1mage capture circuit and of which a restoration
strength 1s weaker than a restoration strength of the first
filter;

an 1in-focus determination circuit that determines whether
or not a processing target image included in the images
successively captured by the image capture circuit 1s 1n
a target in-focus state, due to the focus adjustment
performed by the auto focus adjustment circuit; and

a restoration processing circuit that performs restoration
processing, which uses at least the second filter
acquired by the second filter acquisition circuit, on the
entire processing target 1image in case where the in-
focus determination circuit determines that the process-
ing target 1mage 1s not 1n the target in-focus state, and
performs restoration processing which uses the first
filter acquired by the first filter acquisition circuit, on
the entire processing target image in case where the
in-focus determination circuit determines that the pro-
cessing target 1mage 1s 1n the target in-focus state.

2. The image capture device according to claim 1, wherein

the restoration processing circuit performs the restoration
processing on the processing target image on the basis of the
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acquired first and second filters, in case where the in-focus
determination circuit determines that the processing target
image 1s not in the target in-focus state.

3. The image capture device according to claim 2, turther
comprising a focusing time estimation circuit that estimates
a focusing time period from when the focus adjustment 1s
started by the auto focus adjustment circuit to when the
target in-focus state 1s achieved,

wherein the restoration processing circuit performs the

restoration processing on the processing target image,
on the basis of the acquired first and second filters and
the estimated focusing time period, in case where the
in-focus determination circuit determines that the pro-
cessing target image 1s not in the target mn-focus state.

4. The image capture device according to claim 3,

wherein the auto focus adjustment circuit detects an

amount of defocus of each captured image and controls
the optical system until the detected amount of defocus
enters a depth-of-focus range, and

wherein the focusing time estimation circuit estimates a

focusing time period from when the amount of defocus
1s detected to when the amount of defocus enters the
depth-of-focus range.

5. The image capture device according to claim 4,

wherein the focusing time estimation circuit estimates the

focusing time period only 1n case where the amount of
defocus detected by the auto focus adjustment circuit 1s
equal to or less than a threshold value, and

wherein the restoration processing circuit performs res-

toration processing by using only the acquired second
filter 1n case where the amount of defocus 1s greater
than the threshold value.

6. The image capture device according to claim 4, wherein
the restoration processing circuit generates a first image and
a second 1mage by performing the restoration processing on
the processing target image respectively on the basis of the
acquired first and second filters, the in-focus determination
circuit determines that the processing target image 1s not 1n
the target 1in-focus state, and generates restored 1mages by
performing weighted averaging on the first and second
images through weighting that the focusing time period
estimated by the focusing time estimation circuit i1s the
shorter, giving the larger weight to the first image.

7. The image capture device according to claim 3,

wherein the auto focus adjustment circuit calculates a

high-frequency component of an in-focus region of
cach image captured by the 1image capture circuit as an
evaluation value, and controls the optical system until
the calculated evaluation value reaches a peak value,
and

wherein the focusing time estimation circuit estimates a

time period that elapses until the evaluation value
reaches a first threshold value corresponding to the
target in-focus state, on the basis of change in the
evaluation value calculated by the auto focus adjust-
ment circuit.

8. The image capture device according to claim 7,

wherein the focusing time estimation circuit estimates the

focusing time period only 1n case where the evaluation
value calculated by the auto focus adjustment circuit 1s
equal to or greater than a second threshold value which
1s less than the first threshold value, and

wherein the restoration processing circuit performs the

restoration processing by using only the acquired sec-
ond {filter 1n case where the evaluation value calculated
by the auto focus adjustment circuit i1s less than the
second threshold value.
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9. The 1image capture device according to claim 3, wherein
the restoration processing circuit generates a first image and
a second 1mage by performing the restoration processing on
the processing target image respectively on the basis of the
acquired first and second filters, in case where the in-focus
determination circuit determines that the processing target
image 1s not 1n the target in-focus state, and generates
restored 1mages by performing weighted averaging on the
first and second 1mages through weighting that the focusing
time period estimated by the focusing time estimation circuit
1s the shorter, giving the larger weight to the first 1mage.

10. The image capture device according to claim 3,

wherein the restoration processing circuit has a third filter

calculation circuit that calculates a third filter for the
processing target images which are acquired by the
image capture circuit on the basis of the acquired first
and second filters and the estimated focusing time
period, the third filter calculation circuit calculating the
third filter having a filter coeflicient which gradually
becomes closer to a filter coeflicient of the first filter
from a filter coeflicient of the second filter when the
focusing time period becomes longer, and
wherein the restoration processing 1s performed on an
image, which 1s captured immediately before the target
in-focus state 1s achieved after the focus adjustment is
started by the auto focus adjustment circuit, among the
images successively captured by the image capture
circuit, by using the third filter calculated by the third
filter calculation circuit, and the restoration processing
1s performed on an 1mage, which 1s 1 the target
in-focus state, by using the acquired first filter.
11. The image capture device according to claim 10,
wherein 1 case where t>10 1s established where t 1s a
current time and t0 1s a previous time at which the third
filter calculation circuit calculated the third filter,

assuming that the third filter at the previous time t0 1s
X(10), the third filter at the current time t 15 X(t), a
focusing time estimated by the focusing time estima-
tion circuit at the previous time t0 1s tl, the first filter
acquired by the first filter acquisition circuit and cor-
responding to photography conditions of the optical
system at the focusing time tl1 1s F, the second filter
acquired by the second filter acquisition circuit 1s A,
and a monotonically increasing function 1s W(r) where
W(0)=0, W(1)=1, and O=r=l1,
the third filter calculation circuit calculates a currently
used third filter X(t) through the following expres-
5101

X(O=(1= W) )x X0 )+ W(r)XE

where r=(1-t0)/(t1-t0), and X(0)=A.

12. The image capture device according to claim 10,

wherein the third filter calculation circuit calculates the

third filter whenever a plurality of images 1s acquired
from the 1mage capture circuit, and

wherein the restoration processing circuit uses the third

filter, which 1s calculated by the third filter calculation
circuit, in the restoration processing for the plurality of
1mages.

13. The image capture device according to claim 3,
wherein the first filter acquisition circuit acquires the first
filter, which 1s generated corresponding to the point spread
function under photography conditions, on the basis of the
photography conditions of the optical system after elapse of
the focusing time period estimated by the focusing time
estimation circuit.
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14. The image capture device according to claim 2,

wherein the auto focus adjustment circuit detects an
amount of defocus of each captured image and controls
the optical system until the detected amount of defocus
enters a depth-oi-focus range, and

wherein the restoration processing circuit generates the
first 1mage and the second image by performing the
restoration processing on the processing target image
respectively on the basis of the acquired first and
second filters, 1n case where the in-focus determination
circuit determines that the processing target image 1s
not in the target in-focus state, and generates restored
images by performing weighted averaging on the first
and second 1images through weighting that the detected
amount of defocus 1s the smaller, giving the larger

weight to the first image.

15. The image capture device according to claim 2,

wherein the auto focus adjustment circuit detects an

amount of defocus of each captured image and controls
the optical system until the detected amount of defocus
enters a depth-of-focus range,

wherein the restoration processing circuit has a third filter

calculation circuit that calculates a third filter for the
images which are acquired by the image capture circuit
on the basis of the acquired first and second filters and
the detected amount of defocus, the third filter calcu-
lation circuit calculating the third filter having a filter
coellicient which gradually becomes closer to a filter
coellicient of the first filter from a filter coetlicient of
the second filter when the detected amount of defocus
becomes smaller, and

wherein the restoration processing 1s performed on an

image, which 1s captured immediately before the target
in-focus state 1s achieved after the focus adjustment is
started by the auto focus adjustment circuit, among the
images successively captured by the image capture
circuit, by using the third filter calculated by the third
filter calculation circuit, and the restoration processing
1s performed on an i1mage, which 1s in the target
in-focus state, by using the acquired first filter.

16. The image capture device according to claim 1, further
comprising:

a photography preparation instruction circuit that outputs

a photography preparation instruction in accordance
with a user’s instruction mput; and

a display circuit that displays the images successively

captured by the image capture circuit as a live view
image,

wherein the restoration processing circuit performs the

restoration processing by using only the acquired sec-
ond filter at least until the photography preparation
istruction 1s output from the photography preparation
instruction circuit.

17. The 1mage capture device according to claim 16,
wherein the restoration processing circuit performs the res-
toration processing by using the acquired first filter when the
photography preparation instruction 1s output from the pho-
tography preparation instruction circuit and the focus adjust-
ment 1s performed by the auto focus adjustment circuit.

18. The mmage capture device according to claim 1,
wherein the second filter 1s used 1n common by the multiple
photography conditions.

19. An 1mage processing method using the 1image capture
device according to claim 1, comprising:

an 1mage acquisition step ol successively acquiring

images from an 1mage capture circuit;

-
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an auto focus adjustment step of automatically performing,
focus adjustment on the 1mages which are successively
captured by the 1mage capture circuit;

a first filter acquisition step of acquiring a first filter as a
restoration filter which 1s generated corresponding to a
point spread function of an optical system of the image
capture circuit;

a second filter acquisition step of acquiring a second filter

which 1s a zero phase filter and 1s applied to a defocused
image of the mmages successively captured by the
image capture circuit and of which a restoration
strength 1s weaker than a restoration strength of the first
filter;

an i-focus determination step of determining whether or
not a processing target image of the images succes-
sively captured by the image capture circuit i1s in a
target in-focus state, due to the focus adjustment per-
formed by the auto focus adjustment circuit; and

a restoration processing step of performing a restoration
processing, which uses at least the second filter
acquired by the second filter acquisition step, on the

40

processing target 1mage in case where 1t 1s determined
in the in-focus determination step that the processing
target 1mage 1s not in the target in-focus state, and
performing restoration processing which uses the first
filter acquired by the first filter acquisition step, on the
processing target image in case where it 1s determined
in the in-focus determination step that the processing
target 1mage 1s 1n the target m-focus state.

20. The image processing method according to claim 19,

10 the method further comprising a focusing time estimation

15

20

step of estimating a focusing time period from when the
focus adjustment 1s started by the auto focus adjustment
circuit to when the target in-focus state 1s achieved,
wherein 1n the restoration processing step, the restoration
processing 1s performed on the processing target image,
on the basis of the acquired first and second filters and
the estimated focusing time period, 1n case where 1t 1s
determined 1n the n-focus determination step that the
processing target image 1s not in the target in-focus
state.
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